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IlepeKpecTHaH ccbiJiKa Ha po/jCTBeHHbie 3aaBKH 

3aHBKa Ha #aHHoe H3o6peTeHHe HMeeT .zxaTy npHOpirreTa Ha ocHOBaHHH npe/mapHTejiBHOH 3a«BKH Ha na- 
TeHT CIIIA, cepHHHbiH N° 60/382801, no^aHHOH 23 Maa 2002 r., h aBJiaeTCH HacTHHHtiM npoAOJixceHHeM 3aaBKH 
CI11A, cepHHHbiH jV° 10/229933, no^aHHOH 28 asrycTa 2002 r. 

npe^nOCblJlKH C03^aHHH H3o6peTeHHH 
OSjiaCTb TCXHHKH, K KOTOpOH OTHOCHTCH H306peTCHHe 

flaHHoe H3o6peTeHHe othochtch b uejiOM k MejiKO£KcnepcHbiM np ob o^iuhm yrjiepoAaM. HacToamee 
H3o6peTeHHe othochtch k no BepxHOCTHoii MOAH(})HKaHHH pa3JiHHHtix yrjiepo^Hbix MaTepHajiOB h coc^hhchhh. 
Bojiee KOHKpexHO, H3o6peTeHHe othochtch k ycoBepineHCTBOBaHHBiM cnoco6aM B&e&Qnwi cyjH>4)OHaTHbix 
^yHKqHOHajitHBix rpynn Ha noBepxHOCTt yrjiepoAHbix MaTepnajioB h coe^HHeHHH, a TaioKe othochtch k hcko- 
ToptiM yrjiepoAHbiM MarepHajiaM c MO#H<J)Hin4poBaHHOH noBepxHOCTbio, nojiyneHHbiM 3thmh cnocoGaMH. flaH- 
Hoe H3o6peTeHHe TaioKe othochtch k KaTajiH3aTopaM Ha HOCHTejie pjix toiuihbhbix 3JieMeHTOB h k npoTOHOo6- 
MeHHbiM MeM6panaM. 

H3BeCTHbIH ypOBCHb TeXHHKH 

TonjiHBHBiH 3JieMeHT (FC) SBJiaeTCH ycTpOHCTBOM, KOTopoe npeo6pa3yeT xHMHHecicyio peaKinno b 3jieK- 
TpiraecKyio 3HeprHio (3JieKTpoxHMHHecKoe ycTpoiicTBo) 6e3 ropeHHH. Toiuihbhmh 3JieMeHT (cm., Hanpraviep, 
(f>nr. 1) o6lihho co^ep»cHT aHOfl 20, KaTO^ 50, 3JieKTpojiHT 10, 3aiHHTHbie cjioh 30, 60 h nojiH Tene- 

HHfl/TOKOCbeMHHKH 40, 70. HMdOTCH IMTB THnOB TO IIJIHB HBIX 3JieMeHTOB, KaK OnpeAeJieHO HX 3JieKTpOJIHTaMH: 



Tun 


SjieKTpOJIMT 


TeMnepaTypa 


npMMeyaHMH 


OOC^OpHO- 
KMCJlOTHbD* 
(PAFC) 


MaTpHua, 
nponnTaHHaa 

^CMUKOM $OC$OpHOM 
KMCJXOTOH 


175-200°C 


CTauMOHapHaa 

SHeprna, 

BbinycKaeTCfl 

np oMbiiyji e hho ct b so 


PacnjiaBHOKa 

pOOHaTHblfl 

(MCFC) 


MaTpwua, 

nponMTaHHa« xchakhm 
pacTBopoM KapooHaTa 

JTOTM.8, HaTpMfl m/mJIM 

KajiM^ 


600-1200°C 


Pa cn Jia b Jie h Hbie 
KapCoHaTHbie 

COJ1M, BblCOKafl 
3$$eKTMBHOCTh> 


TBep^OOKCMA 
HbIM 

(SOFC) 


TBep«bIM OKCMA 
UMpKOHMfl f B KOTOpbTM 

BBeaeHo HeOojibiuoe 

KOJIM^eCTBO OKCMfla 


600-1800°C 


KepaMMKa, 

BblCOKafli 

3Hepm«, 

np oMbiuiji eHH oe 

npHMeneHMe 


UleJlOHHOM 

(AFC) 


MaTpMua, 

nponMTaHHan bo^hum 

paCTBOpOM 

rn^poKCMjaa KaJiHfl 


90-100°C 


rnjapoKCMji KajiMH 
b Ka^ecTBe 

9Jie KTpOJTMTa , 

NASA, o^eHb 
jxoporo 


** C 

npOTOHOo6Me 

HHOM 

MeMSpaHOH 
(PEM) 


TBepJ5bIM 

opraHMMecicMft 
nojiwMep 

nojiw (nep^Topcyjib$OK 

MCJIOTa ) 


60-100°C 


HoHOMepHan 
MeMopana, 

BblCOKa** 

ynejibHa« 
MomHOCTb, oyeHt 
ObiCTpan OTj^a^a, 
nopTainBHbie/ 

aBTOnpMMeHSHMH 


tlpHMOM 
MeTaHOJi bHbIM 

( DMFC) 




60-100°C 


PEM, KOTOpbiM 
wcnojib3yeT 
MeTaHOJi B 
Ka^ecTse 
TonjiMBa 



** HanSojiee Ba^cHbiii b Hacrojnuee BpeMH 
HacTOHmee onacaHHe paccMaTpHBaer TomiHBHbiH 3JiCMeHT c npoTOHOo6MeHHOH MeM6paHOH (HHa^e Ha- 

3bIBaeMOH nOJIHMepHO-3JieKTpOJIHTHOH MeM6paHOH) (PEM) (HHa^e Ha3BIBaeMbIH TOnJIHBHbIM 3JieMeHTOM c 
TBepABIM nOJIHMepHbIM 3JieKTpOJIHTOM (SPE) H TOIUIHBHBIM 3JieMeHTOM C TBepAOH nOJIHMCpHOH MeM6paHOH 
(SPM)). TonJIHBHblH 3JieMeHT C nOJIHMCpHOH 3JieKTpOJIHTHOH MeM6paHOH (PEMFC) COAep3KHT IipOTOHOnpOBO- 
AHIUHH nOJIHMepHblH MeM6paHHbIH 3JieKTpOJIHT 10, pacnOJIO^ceHHBIH C3HaBHHeo6pa3HO Me^K^y 3JieKTpOKaTaJIH- 

3aTopaMH (KaTo^oM 50 h aHO^OM 20) (cm., HanpHMep, $ht. 1). 

OKHCJIHTejIBHOH H BOCCTaHOBHTeJIbHOH peaKUHHMH, HMdOmHMH MeCTO B TOIIJIHBHOM 3JieMeHTe, HBJMDEOTC^ 

2H 2 — > 4H 4 " + 4e" oKHCjiHTejibHaH nojiypeaKaHa 

+ 0 2 — > 2H 2 0 BOCCTaHOBHTCJiBHas nojiypeaKi^H5i 
YKa3aHHbiH 3jieKTpoxHMHHecKHH npouecc HBJiaeTCH npoueccoM HeropeHHfl, KOTopbiii He o6pa3yeT 3a- 
rpH3H5Hom;He BemecTBa, nepeHocHMtie no B03Ayxy. rio3TOMy ToiuiHBKbie 3JieMeHTbi hbji^bdtch hhctmm, hh3ko- 

3MHCCHOHHBIM, BBICOK034>4>eKTHBHbIM HCTOHHHKOM 3HeprHH. ToiIJIiiBHBie 3JieMeHTbI HMdOT B 2-3 pa3a 6oJIb- 
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myio 3<£>(j)eKTHBHOCTi>, neM jjBHrarejiH BHyipeHHero cropamia, h MoryT Hcnojib30BaTb pacnpocTpaHeHHbie 
h/hjih B03o6HOBJiHeMi>ie ToiuiHBa. ToiuiHBHBie ajieMeHTM reHepHpyioT 3JieKTpHHecTB0, Boxy h Teruio c Hcnonb- 
30BaHHCM TOiuiHsa 90 h KHcjiopo^a 80. Kor#a Bojjopojj HBJiaeTca TonnHBOM, ejiHHCTBeHHbiM BBi^ejieHHeM xb- 
jiaeTca Bo^a OKH^KOCTb hjih nap). 

IIocKOJifcKy HanpHHceHHe o6tiHHoro ToiuiHBHoro sjieMenra aBJiaeTca He6ojn>uiHM, hx o6bi*mo co6HpaK)T b 
6jiok nocjieAOBaTejibHO. * 

JJpe nojiypeaicuHH oGbihho npoTeKaioT OHem> MejjjieHHO npn HH3KOH pa6oneH TeivinepaType ToiuiHBHoro 
3JieMeHTa, no3TOMy KaTajiH3aTopM 56 Hcnojn>3yiOTCJi Ha o/jhom hjih Ha o6ohx aHoj^e 20 h KaTOjje 50 jjjis yBejra- 
HeHHa CKopocTH Ka^c^oH nojrypeaKHHH. rinaTHHa (Pt) HBjiaeTca HanSojiee 3(|)(j^eKTHBHbiM KaTajiH3aTopoM 6jia- 
ropojxHoro MeTajuia 56 Ha cero^MiflmHHH jjeHb, noTOMy hto OHa cnoco6Ha reHepnpoBaTb aocrraTOHHO bmcokhc 
ckopocth 0 2 -BoccTaHOBJierora npn othochtcjibho hh3khx TeMneparypax PEM-toiijihbhmx 3JieMeHTOB. KHHe- 

THHeCKHe XapaKTepHCTHKH PEM-TOnJIHBHblX 3JieMeHTOB OrpaHHHHBaiOTCH, rJiaBHbIM o6pa30M, MezuieHHOH CKO- 

pocTBio nojiypeaKHHH 0 2 -B0CCTaH0BJieHHH (KaTO/moH peaKUHH), KOTopan 6ojiee neM b 100 pa3 MeTUieHHee no- 
jiypeaKUHH H 2 -OKHCjieHHa (aHOJXHOH peaKHHH). nojiypeaKima 0 2 -BoccTaHOBJieHHH TaK»ce orpamraHBaeTca bo- 
npocaMH MacconepeHoca. 

Kor^a ToiuiHBo 90, TaKoe KaK BOflopofl, nocTynaeT b tohjihbhbih 3JieMeHT Ha aHOflHyio cropoHy, KaTajiH- 
3aTop 56 oSjiemaeT pa3flejieHHe ra30o6pa3Horo BOflopoflHoro TonnHBa Ha 3JieKTpoHbi h npoTOHbi (BojjopojxHbie 
hohbi). BoAopo^HBie HOHbi npoxoflflT ^epe3 MeM6paHy 10 (ueHrp ToiuiHBHoro 3JieMeHTa) h CHOBa c noMomtio 

KaTaJIH3aTOpa 56 COejTHHHK>TCH C OKHCJIHTeJieM 80, TaKHM KaK KHCJIOpOJI, H 3JieKTpOHaMH Ha KaTOJXHOH CTOpOHe, 

o6pa3ya Bojxy. SjieiopoHbi, KOToptie He MoryT npoxo^HTt nepe3 MeM6paHy 10, Hflyr ox aHo^a 20 k Karojxy 50 
^epe3 BHenimoio 3JieKTpouenb, coaepacamyio 3JieKTpojxBHraTejib hjih ^pyryio 3JieKTpHHecKyio Harpy3Ky, koto- 
paa noTpe6jiHeT 3HeprHio, reHepHpoBaHHyio tohjihbhlim 3JieMeHTOM. 

KaTajiH3aTop 56 Hcnojib3yeTca rjw HHflynHpoBaHHH Tpe6yeMbix 3JieKTpoxHMHHecKHx peaKHHH Ha 3jieK- 
Tpojjax 20, 50. KaTajiH3aTop 56 nacTo bbojxjit Ha noBepxHocra pa3^ejia 3JieKTpojV3JieKTpojiHT npn HaHeceHHH 
cycneH3HH 3JieKTpoKaTajiHTHHecKHx Hacrau 56 Ha noBepxHocTb 3JieKTpojiHTa 10. Kor/ja Bojjopojnioe hjih Me- 
TaHOJibHoe TonjiHBo 90 noflaeTca nepe3 aHOAHyio noBepxHocTb pa3flejia KaTajiH3 aTop/ 3 JieKTpojiHT, HMeeT MecTO 
3JieKTpoxHMHHecKaH peaKUHH, reHepnpyiomaa npoxoHti h 3JieKTpoHBi. 3jieKTponpoBo^mHH aHojj; 20 coe^HHeH 
c BHenmeH 3 jieKTp hhcckoh ijenbio, KOTopaa HeceT 3jieKTpoHbi npn nojiyneHKH 3JieKTpHHecKoro TOKa. IIojih- 
MepHBiH 3JieKTpojiHT 10 %Bji5iGTC5i odhiHUO npoTOHHBiM npoBOflHHKOM, h npoTOHti, reHepHpoBaHHbie Ha aHO£- 
hom KaTajiH3aTope, MHipHpyiOT nepe3 3JieiapojiHT 10 k KaTOixy 50. Ha KaTojjHOH KaTajiHTHHecKOH noBepxHocTH 
pa3Aejia npoTOHti o6T>ejj l HHjnoTCH c 3JieKTpoHaMH h KHCJiopo^oM c nojiyneHHeM bojj>i. 

KaTajiH3aTop 56 o6bihho jisjiaeTCH MejiKO^HcnepcHBiM MeTajuioM, TaKHM KaK iuiaTHHa, h jjHcneprHpyeTCH 
Ha 3JieKTpoHonpoBOjjHmeM HOCHTejie 52 c bbicokoh njioinatfbio nosepxHOCTH. 

MaTepnaji 3JieKTpoHonpoBo^mero HOCHTejiH 52 b PEMFC o6bihho coctoht H3 yrjiepo^HBix Hacrau. Yr- 
jiepo^ HMeeT 3JieKTponpoBO^HOCTi> 10 _I -10" 2 Cm/cm, KOTopaa noMoraeT o6jierHHTb npoxo5KAeHHe 3JieiapoHOB 
ot KaTajiH3aTopa 56 bo bhchihiok) 3JieKTpHHecKyio uem>. ripoTOHonpoBOjjyimHe MaTepnajiM 54, TaKHe KaK 
Nafion, nacTO bboa«t .zuih oGjierqeHHH nepeHOca npoTOHOB ot KaTajiH3aTopa 56 k noBepxHO cth pa3,zi;ejia MeM- 
6paHbi. 

JJjix o6jierqeHHfl o6pa30BaHHa h nepeHoca npoTOHOB h 3JieiapoHOB h npeflOTBpameHHfl BbicbixaHH^ MeM- 
6pam>i 1 0 TonjiHBHtie 3JieMeHTti pa6oTaiOT b ycjioBirax y b na^KHeHHH . Jlpsi co3AaHHH y Ka3 aHHtix ycjiOBHH ra3Bi 
BO^opojiHoro TonjiHBa 90 h KHCJiopo^a 80 yBjia^CHaiOT nepe^ nociynjieHHeM b toiuihbhbih 3JieMeHT. B 3JieK- 
TpoKaTanH3aTope Ha Hocnrejie (52+56) yrjiepo^ HBJiaeTCH oTHocHTejibHO rHApo4)o6m>iM, h KaK TaKOBOH rpa- 

HHHHBIH KOHTaKT MeHC^y peaKI^HOHHBIMH Ta3aMH, BOAOH H nOBepXHOCTbK) TBep^blX 3JieKTpOJIOB BHOCHT BKJiaA 

yrjiepo^a b BticoKoe KOHTaKTHoe 3JieKTpHnecKoe conpoTHBJieHHe h oMHHecKHe noTepn 3HeprHH b tohjihbhom 

3JieMeHTe, IipHBCWimHe K HH3KOH 3(})4)eKTHBHOCTH TOnJIHBHOrO 3JieMeHTa. 

TOrO HT06bI yBeJIHHHTb nO^BH^CHOCTb HpOTOHOB B 3JieKTpOKaTaJIHTHHeCKOM CJIOe, 3JieKTp OKaTaJIH3 a- 

Top AHcneprnpyiOT Ha npoTOHonpoBOOTiUHX hochtcuhx. YKasaHHbie hochtcjih nacTO CHHHcaiOT 3$<})eKTHB- 

HOCTb 3JieKTpOKaTaJIH3aTOpa 6jIOKHpOBaHHeM aKTHBHblX yHaCTKOB H TaK^Ce CHHSCaiOT 3JieKTpOHHyiO npOBO^H- 
MOCTb. 

B npjiMOM MeTaHOJibHOM TonjiHBHOM 3JieMeHTe (DMFC) acHAKoe MeTaHOJibHoe nHTaHHe co,nep»cHT H 2 S0 4 
jjjia o6jierneHHH OKHCjieHHH MeTaHOJia h o6ecneneHHs hohhoh npoBOJiHMOCTH b yrjiepo^HOM KaTajiH3aTope, 
KOTopaa b npoTHBHOM cjiy^ae orpaHHHHsaeTCH TOJibKO KaTanH3aTopoM b npHMOM KOHTaKTe c TBepjjoii MeM6pa- 
hoh. H 2 S0 4 npoHHKaeT b aHojj,Hyio CTpyKTypy, oSecneHHBaa HOHHyio npoBo^HMocTb nepe3 3JieKTpoA, TaKHM 
o6pa30M, o6ecneHHBaa B03Mo^cHOCTb Hcnojib30BaHHa 6ojibineH nacTH KaTanH3aTopa, mto .uaeT yjryMHieHHbie 
xapaKTepncTHKH. CzmaKo Hcnojib30BaHHe H 2 S0 4 HBjiaeTca He^cejiaTejibHbiM H3~3a a,acop6HpoBaHHa cyjib(|)aT- 

HblX HaCTHU Ha 3JieKTpOOTOH nOBepXHOCTH, a TaiOKe KOpp03HOHHOH npHpOflbl KHCJIOTbl. 

HacTonmee H3o6peTemie HanpaBJieHO Ha pemeHHe BbiuieyKa3aHHbix npo6jieM, no KOTopoMy yrnepojiHbiH 
MaTepnaji HocHTejra b 3JieKTpOKaTajiH3aTope cyjib(J)HpyeTCH fljia yBejiHHemra npoTOHHOH npoBO^HMOcTH h 
yjiynmeHHa okhcjichhh MeTaHOJia. OyHKUHOHanbHbie rpynnbi cyjib4>OKHCJio™, xhmhhcckh CBH3aHHbie c yrjie- 
po^HbiM HOCHTeJieM b 3 Jie KTpoKaTajiH3 aTop e , cnoco6cTByK>T JierKOMy o6MeHy npoTOHOB h no3TOMy yBejiHHH- 

BaiOT 3$4>eKTHBHOCTb TOnJIKBHOTO 3JieMeHTa. 

B HacToauxeM H3o6peTeHHH cyjib4>HpoBaHHbiH yrjiepojiHbiH MaTepnaji HMeeT rH^po^HJibHbiH xapaKTep h 
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noaTOMy yjiynmaeT Hcnojn>30BaHHe boabi b npHMeHeHH5ix toiijihbhbix 3JieMeHTOB. 

Oobihhbim ajieKTpojiHTOM HBJiflCTCH BemecTBO, KOTopoe AHCcouHiipyeT Ha nojioacHTejibHo 3apa>KeHHBie H 
OTpHuarejiBHo 3ap5i>KeHHBie hohbi b np HcyTCTB hh boabi, Aenaa boahbih pacTBop 3neKTponpoBOA«iin*M. 3jieK- 
TpojiHTOM b PEM-toiwhbhom 3JieMeHTe ^BJMeTCH nojiHMepHan MeM6paHa 10. OGbihho TOJimHHa MeM6paHHoro 
MaTepHana (HanpHMep, Nafion) HaxoAHTca b HHTepsaJie 50-175 mkm. 

riOJIHMepHLie 3JieKTpOJIHTHBie MeM6paHJbI 10 HBJIHIOTCH AO HeKOTOpOH CTeneHH Heo6tIHHbIMH 3JieKTpOJIH- 

TaMH b tom, hto b np ncy tctb hh boabi, KOTopyEo MeM6paHa 10 JierKo a6cop6HpyeT, OTpHnaTejiBHBie hohbi JierKO 
y^epncHBaioTCH b hx CTpyicrype. Tojibko npoTOHBi, coAepacamKecfl b MeM6paHe 10, hbjihbdtch noABH>KHBiMH h 
cbo6oahbimh, hto6bi HCCTH nojio»cHTejii>HBiH 3ap»A nepe3 MeM6paHy 10. Be3 yica3aHHoro ABH5KeHHa b toidihb- 
hom 3JieMeHTe 3JieKTpHqecKaH aent ocTaeTca p a30M KHy toh, h tok He vwct. 

riojiHMepHBie 3JieKTpoJiHTHtie MeM6paHBi 10 MoryT 6bitb othochtcjibho nponntiMH CTa6HJibHJbiMH Beme- 
cTBaMH. yica3aHHf>ie MeM6paHBi 10 TaioKe MoryT 6bitb 3(J)^)6kthbhi»imh ra30BMMH pa3AejiHTeji5iMH. HecMOTpn Ha 
to hto PEM HBJiaioTCH hohhbimh npoBOAHHKaMH, ohh He npoBOA*T SJieKTpoHBi. OpraHHHecKaa npnpoAa CTpyK- 
Typti AeJiaeT ee 3JieKTpoHHBiM H30JDrropoM. riocKOJiBKy 3JieKTpoHBi He MoryT ABHraTBca nepe3 MeM6paHy 10, 
3JieKTpoHti, nojiyHeHHBie Ha cTopoHe TonjiHBHoro 3JieMeHTa, aojihchbi nepeMeinarBca nepe3 BHeinmoio 3JieK- 
TpHHecKyio uenb k Apyron CTopoHe TonjiHBHoro 3JieMeHTa wx 3aMBiKaHHfl nenn. E[pH npoxoacAemiH yica3aHHo- 
ro BHeniHero nyra 3JieKTpoHBi npOH3BOAHT 3JieKTpmecKyio 3Heprmo. 

Ilo JiHMepHO h 3jieKTpojiHTHOH MeM6paHOH 10 MoaceT 6bitb TBep^BiH opraHmecKHH nojiHMep, o6bihho no- 
jiH(nep4>Topcyjii>4)OKHCjioTa). Thhhhhbih MeM6paHHBiH MaTepnaji Nafion HMeeT cjieAyiomHe TpH ynacTKa: 

(1) Te(jwioHono#o6Ha5i (JrropyrjiepoAHaH ocHOBHaa neriB ajihhoh b cothh noBTopaioin.HXCfl 3Bem»eB -CF 2 - 
CF-CF 2 -; 

(2) 6oKOBbie uenn -0-CF 2 -CF-0-CF 2 -CF 2 -, KOTopwe coe^HHHiOT ocHOBHyio aent MOJieKyjiBi c TpeTBHM 
ynacTKOM; h 

(3) HOHHBie HyHKH, COCTOHIUHe H3 HOHOB CyJIB(j)OKHCJIOTBI S0 3 ~, H*. 

OTpHuaTejibHBie hohbi S0 3 ~ HenpepBiBHO np Hcoe ahhhiotch k 6okoboh uenn h He MoryT ABHraTBca. Oa- 
HaKO Kor^a MeM6paHa 10 CTaHOBHTca rHApaTHposaHHOH a6cop6HpoBaHHOH boaoh, BOAopoAHBie hohbi cTaHO- 

BflTCJI no AB H5KHBIM H . HoHHOe ABH)KeHHe OCymeCTBJIfleTCfl npOTOHaMH, CBH3aHHBIMH c MOjieKynaMH boabi, mht- 

pnpyionxHMH ot SCV-ynacTKa k SCV-ynacTKy b MeM6paHe. Bjiaro^apH yica3aHHOMy MexaHH3My TBep^biH tha- 

paTHpOBaHHBIH 3JieKTpOJIHT HBJIHeTCH XOpomHM npOBOAHHKOM BOAOpOAHBIX HOHOB. 

HocHTejii KaTajiH3aTopa 52 cjiy^cHT np ob o ahhkom 3jreKTpoHOB h npoTOHOB h jxjia KpeiuneHH^ KaTanH3 aTO- 
pa 56 (HanpHMep, 6jiaropo#Horo MeTajuia). MHorae ycHjran hmcjih mejiBio chh3htb ctohmoctb TonnHBHbix 
3JieMeHTOB npn chpdkchhh ypoBHen KaTajiH3aTopa 56 H3 6jiaropoAHoro MeTajuia (HanpHMep, roiaTHHBi) H3-3a 
ctohmocth 6jiaropo,nHoro MeTamia. Oahhm nyTeM cHH^ceHHJi yKa3aHHOH ctohmocth HBjmeTCfl co3AaHHe cjioh 
HOCHrejiH KaTajiH3aTopa 52 c MaKCHMajiBHO bo3mokho bbicokoh njioma^Bio nosepxHocTH. 

3jieKTpoABi 20, 50 TonjiHBHoro 3JieMeHra oSbhiho coctoht H3 yrjiepo^a 52, Ha kotopom AncneprHpoBaHbi 
oneHb HeGojitnine MeTajuiHH ecKHe nacTHnti 56. 3jieicipoA HBJineTCH OT^acTH nopHCTbiM, TaK hto ra3bi MoryT 
AH^^yHOTpoBaTb nepe3 Ka)KABiH 3JieKTpoA c AOCTHDKeHHeM KaTajiH3aTopa 56. KaK MeTajui 56, TaK h yrjiepo^ 52 
xopoino npoBO^HT sjieicrpoHbi, TaK hto 3jieKTpoHbi cnoco6m»i cbo6oaho ABHraTbCH nepe3 3JieKTpoA- He6ojis- 
nioii pa3Mep MeTajuiHHecKHX Hacraij; 56 okojio 2 hm b AHaMeTpe juin 6jiaropoAHoro MeTajuia aaeT 6oJibniyio 
o6myio iuiomaAB noBepxHOCTH MeTajuia 56, KOTopan HBJiaeTca AocTynHott ajih MOJieKyji ra3a. Oftmaa raiomaAB 
nosepxHocTH HBjnieTCfl oneHb 6ojiBinoH, Aa^Ke Kor^a o6maa Macca MeTajuia 56 HBJiaeTCfl He6ojn,moH. 3Ta bbi- 
coKaa AHcnepcHH KaTajiH3aTopa 56 HBjraeTCH oahhm ^aKTopoM reHepnpoBaHHH a^eKBaTHoro noTOKa sjieiapo- 

HOB (TOKa) B TOnJIHBHOM 3JieMeHTe. 

TIpoBoaamHe nojiHMepti hbjuhotch KJiaccoM nojiHMepos c conpa^ceHHOH abohhoh cbh3BK>, hbh 3JieKTpH- 

HeCKHe npOBOAHMOCTH CpaBHHMBI C npOBOflHMOCTHMH OT nOJiynpOBOAHHKOB RO MeTaJIJIOB B HHTepBane OT 0,1 

AO 100 Cm/cm. TnnHHHBie npHMepti npoBOAflmHx nojiHMepoB BKjnoHaioT nojinaHHJiHH, nojimiHppoji, nojiHTHO- 
4>eH, nojiH(|)ypaH h nojiH^eHHJieH. KaK nojiHaHHJiHHOBbiH, TaK h nojiHimppojioBBiii MaTepnajibi HocnTejia KaTa- 
jiH3aTopa 52 noKa3ajiH yjiynmeHHyio s^^ckthbhoctb TonjiHBHoro sjieMenra (HanpHMep, US 5334292 h WO 
01/15253). OAHaKO yKa3aHHBie MaTepnajiBi He noKa3biBaK>T AJiHTejitHyio cTa^HJjBHO ctb b 3JieKTpoAHtix ycjio- 
BHjnc npn uHKJimecKOH pa6oTe. 

npoBOAamne nojiHMepbi, Hcnojib3yeMbie b oTAejitHocTH b KanecTBe MaTepHajia HOcnrejiH KaTaJiH3aTOpa 
52, HMeiOT 6ojiee BbicoKyio ctohmoctb, MeHtmyio nnomaAB noBepxHocra h 6ojiee HH3Kyio CTaGmitHO ctb no 
cpaBHeHHio c HOCHTejiHMH 52 Ha ocHOBe yrjiepoAa hjih cyjib<|>HpoBaHHoro yrjiepoAa HacTOHnj;ero H3o6peTeHHH. 

IIpHMepoM coBpeMeHHoro KOMMepnecKoro KaTajiH3aTopa Ha yrjiepoAHOM Hocirrejie ajih to iui hb hi»ix ajie- 
MeHTOB HBJiKKDTCJi npoAyKTbi cepHH HiSPEC (Johnson Matthey, Reading, U.K.), rAe Hcnojib3yeTCH yrjiepoAHaa 
ca»ca ToproBOH MapKH Vulcan XC72 (Cabot Corporation) c pa3JiHHHbiMH ypoBHHMH coAep^caHHH ruiaTHHbi (hjih 
Apyroro MeTajuia). YKasaHHBie KOMMepnecKHe KaTarnoaTopbi Ha yrjiepoAHOM HocHTejie HBJWiOTca o^iem* Aopo- 

rOCTOKD^HMH. 

OaKTOpBI, TaKHe KaK riJIOmaAB nOBepXHOCTH H 3JieKTpOHHaH npOBOAHMOCTB, H3AaBHa CHHTaKDTCH Ba^CHBI- 

mh AJifl MaTepnajia yrjiepoAHoro HocHTejM. OAHaKO othochtcjibho He3HaHHTejiBHBie HccjieAOBaHHa 6buih npo- 
BeAeHbi ajih noHHMaHHK pojin hjih ajih onTHMH3anHH yrjiepoAHoro hochtcjih. 

B HacToameM H3oG>p eTe hhh yrjiepoAHBiH Marepnaji cyjiB^npyiOT, yBejiHHHBaa b pe3yjiBTaTe npoTOHtryio 
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(h aneicipoHHyio) npoBO^HMocTB yrjiepo^Horo MarepHajia. Cyjib<J>HpoBaHHe tzjokq o6ecnennBaeT ynacTKH 
npHKpenjreHHfl MeTajuia, hto flaeT b pe3yjibTaTe yBejinraeHHyio cnoco6HocTB MeTajuia k 3JieKTpoAHOH peaK- 
UHH. 

TjiaBHaH HaCTB CTOHMOCTH, CBfl3aHHOH C 3JieKTpOAaMH, OTHOCHTCfl K BblCOKOH CTOHMOCTH MeTaJIJia, H3 KO- 

Toporo BbinojiHeH KaTajiH3 aTOp 56. Tojibko Te KaTanHTmecKHe ynacTKH, KOTopbie Haxo.naTCH Ha nosepxHOCTH 
KaTajiHTHHecKHx nacTHix, bhocht BKJiaa b KaTajiHTmecKyio aKTHBHOCTb 3JieKTpo^a, H, TaKHM o6pa30M, 3JieK- 
Tpoflbi c HaH6ojibineH <]>paKiweH MeTajuiOB, flocTynHOH &jw peaKUHH, flOJiacHbi 6mti> HanGojiee 3(j)<|>eKTHBHbiMH. 
yrjiepo^Hbie hochtcjih 52 c bbicokoh nopHCTocrbio aaiOT "3axBaHeHHbie" ynacTKH MeTajuia, KOTopbie flBJwnoTca 
He^ocTynHBiMH jm% 3JieKTpo ( zniOH peaKUHH. denem, flHcneprHpoBaHHH MeTajuiHHecKoro KaTajiH3aTopa 56 Ha 
MarepHajie hochtcjih 52 h cTa6njibHOCTi> Taicoro bbicokoto aHcneprapoBaHHfl npH Hcnojn>30BaHHH, T.e. ycTOH- 
hhboctb KaTajiH3aTopa k cneKaHHio h/hjih arjioMcpHpoBaHHio, npaMO coothochtc* c iuiomaflbio nosepxHOCTH 
h AOCTynHOcra ynacTKOB noBepxHOcra, Ha KOTopbix mohcct 6mtb npHKpenjieH flHcneprHpoBaHHbiH MeTajui 56. 

B HacTonmeM H3o6peTeHHH cyjib<})HpoBaHHbiH yrjiepoAHtifi MaTepHaji cnoco6cTByeT o/mopoflHOMy jwc~ 
neprHpoBaHmo h CTa6HJiH3aixnH MeTajuinnecKHx nacrau npHKpemieHHeM MeTajuia k cyjib<|>OHaTHbiM rpynnaM, 
npHcyTCTByiomHM Ha ynnepoflHOM MaTepnajie. KpoMe toto, npHKperaunomHe rpynm>i nperorrcTByiOT amoMe- 
pHpoBaHHio h cneKaHHio KpHCTajiJiHTHbix nacTHu MeTajuia (HanpHMep, nJiaTHHbl (Pt)). 

^CeJiaTejitHO co3#aTb HocHTejib KaTajiH3aTopa 52, KOTopBifi HMeeT BbicoKyio iuiomatfb noBepxHocra, a 
TaKace 6ojiee BbicoKyio noBepxHOCTHyio njiOTHOCTb yqacTKOB nosepxHOCTH npHKperoieHHa, hqm hochtcjih Ka- 
TajiH3aTopa, cocToamne HCKjnoHHTeJibHO H3 Hecyjib4>HpoBaHHoro ynrepo^a. 3to dyjiQT yBeJiHHHBaTb h CTa6n- 
jiH3HpoBaTb AHcnepcHK) MeTajuiHHecKoro KaTanH3aTopa 56 h, TaKHM o6pa30M, orpaHHHHBaTb HeoGxoflHMoe 
KOJiHHecTBo KaTajiH3aTopa 56. HacToamee H3o6peTeHHe npe,ziycMaTpHBaeT PEMFC-3JieKTpoA, KOTopbiii MoaceT 
6biTb nojryneH c MeHbuiHMH 3aTpaTaMH, hcm 3JieKTpo,zH>i, HMeroiinie HCKjnoHHTejibHO yrjiepo^HbiH HOCHTejib 

HJIH HCKJIIOHHTejIbHO npOBOtffllHHH nOJIHMepHblH HOCHTOJIb. 

IloBcpxHOCTHaH MOOT^HKaaHH yrjiepo^Hbix cocmmeHHH h MaTepnajioB 6bma niHpoKO Hccjie^OBaHa KaK 
cpe^cTBO AOCTH^ceHHa acejiaeMbix xHMmecKHx h <}>H3HHecKHX cbohctb, o6whho He noKa3biBaeMbix yrjiepo^- 

HblMH COe^HHeHHHMH H MaTepHaJiaMH. B HaCTHOCTH, BBe^eHHe CyJIb(|)OHaTHbIX 3aMecTHTejieH, KOTOpbie HBJIfl- 
lOTCfl rHflpOC^HJIbHbXMH no npHpO^e, 6bIJIO BOCIipHHflTO KaK B03M05KHOe Cpe^CTBO yBeJIHHeHHH npOTOHHOH H 
3JieKTpOHHOH npOBO^HMOCTH H o6jierHeHHJI BO^OHCnOJIbSOBaHHH B TOIDIHBHblX 3JieMeHTax. 

H, HaKOHeu, HecKOJibKo npeMUiecTByiomHx nonbiTOK 6buio c^ejiaHO no cyjib<j)HpoBaHHK) yrjiepo^Hbix co- 
CUHHeHHH h MaTepnajiOB. O^HaKO yKa3aHHbie cyHtecTByioHiHe ciioco6bi flaior b jrynnieM cjiynae HeacejiaTejib- 
Hbie h He3HaHHTejibHbie pe3yjibTaTbi. B nacTHOCTH, b H3BecTHbix cnoco6ax cymecTByeT 3HaqHTejibHaa npo6ne- 
Ma b tom, hto Hpe3BbiHaHHO Tpy^HO H36eacaTb oKHCJieHHH yrjiepo#Horo coe^HHeHHH h MaTepnajia h nocjie- 
AyKjmero o6pa30BaHHH CMOJioo6pa3Hbix no6oHHbix npo^yKTOB b npouecce peaKUHH cyjib(|)HpOBaHHa. rio3TOMy 
HacToamee H3o6peTeHHe npejxycMaTpHBaeT ycoBepnieHCTBOBaHHbiH cnoco6 o6pa30BaHHH cyjib^HpoBaHHbix 
yrjiepoAHbix MaTepHanoB, KOTopbiH 3HaHHTejibHo MHHHMH3HpyeT OKHCJieHHe yrjiepoAHbix MaTepHajiOB h o6pa- 
soBaHHe HeacejiaTejibHbix h npo6jieMaTHHHbix CMOJioo6pa3Hbix no6oHHbix npo,flyKTOB. 

KpoMe Toro, cymecTByiomne cnoco6bi mocthtjih uejin TOJibKO b co3^aHHH cynb(})HpoBaHHbix yrjiepo^Hbix 
MaTepHajiOB, HMeiomnx MHHHMajibHyio CTeneHb noBepxHocTHoro 3aMemeHH^. HacToamee H3o6peTeHHe npeAy- 
CMaTpHBaeT cynb(|)HpoBaHHbie yrjiepo^Hbie MaTepHajibi, HMeron^He HeoacHAaHHO 3HaHHTejibHyio CTeneHb no- 
BepxHocTHOH MO#H(|)HKaHHH, c nojiyneHHeM b pe3yjibTaTe HaHjryqiHHX xapaKTepncraK h cbohctb b npHMeHe- 

HHHX TOnJIHBHblX 3JICMCHTOB . 

no BbiineyKa3aHHbiM npHHHHaM yjiynmeHHe KaTajiH3aTopa Ha hochtcjic HBJiaeTCH acejiaTejibHbiM h 6mjio 
AocrarHyTo c cyjib(|)HpoBaHHbiMH yrjiepoj^HbiMH MaTepnajiaMH HacToamero H3o6peTeHHH. 

KpaTKoe onucaHne H3o6peTeHHH 

B cooTseTCTBHH c 3a^aHaMH HacToamero H3o6peTCHHH, KaK BKjiioHeHO h HinpoKO onncaHO b AaHHOM onn- 
caHHH, MaHHoe H3o6peTeHHe othochtcs k npoBo^anxKM yrjiepo^aM, b HacraocTH, k npoTOHonpoBO#flmHM yr- 
jiepo^aM. 

HacToamee H3o6peTeHHe BKjnonaeT KOMno3HUHK>, co^epHcamyio MejiKOAHcnepcHbiH cynb4)HpoBaHHbiH 
yrjiepoflHbiii MaTepnaji. HacToamee H3o6peTeHHe othochtcs k yrjiepo^HOMy MaTepnajiy c MOflH^HunpoBaHHOH 
noBepxHOCTbio, co,aepHcameMy mhohccctbo cyjib4)OHaTHbix 3aMecTHTejieH o6mefi 4>opMyjiw -S0 3 M, noBepxHO- 
cTHo-CBH3aHHbix c hhm, rfle M npe^CTaBJweT co6oh BO^opoA hjih KaTHOHHbie nacTHHbi. yrjiepo^HbiH MaTepHan 
c Mo^H(t)HUHpoBaHHOH noBepxHOCTbio Mo^KeT HMCTb noBepxHOCTHyK) aTOMHyio ko Hi^e HTpauHio cepbi, npHcyT- 

CTByKDHXeH B nOBepXHOCTHO-CBJI3aHHbIX -S0 3 M-OCTaTKaX, H3MepeHHyK) MeTOAOM pCHTreHOBCKOH <J)0T03JieK- 

TpoHHoii cneKTpocKonHH (XPS), 6ojiee npHMepHo 0,25% OTHOCHTejitHo oGmea noBepxHOCTHoii aTOMHOH koh- 
ueHTpauHH yrjiepo^Horo MaTepnajia c Mo#H(|)HUHpoBaHHOH noBepxHOCTbio. 

HacToamee H3o6peTeHHe TaK^ce othochtoi k hcckojibkhm ^onoJiHHTejibHbiM KOMno3HH,HtfM, co^epacamHM 
yrjiepoAHbiH MaTepHaji c Mo^H^HiiHpoBaHHOH noBepxHOCTbio HacToamero H3o6peTeHHa. 

HacToamee H3o6peTeHHe othochtch k cnocoSaM BBQ^emm cyjib<j>OHaTHbix 4>yHKi;HOHajibHbix rpynn Ha 
noBepxHocTb yrjiepo^Hbix MaTepnajiOB h nojryqeHHbiM b pe3yjibTaTe yrjiepo^HbiM MaTepnajiaM c MO^H^HEtHpo- 
BaHHOH noBepxHOCTbio. 

HacToamee H3o6peTeHHe othochtch k cnoco6y nojryHeHHH yrjiepo^Horo MaTepnaJia c MOAH(}>Hin*poBaH- 
hoh noBepxHOCTbio. Cnoco6 BKjnonaeT B3aHMO,zieHCTBHe aHrHMpH^a o6meii 4>opMyjibi (R-CO) 2 0 c cepHOH kh- 
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cjiotoh b ycjiOBHHX, 3(J)(|)eKTHBHbix fljifl o6pa30BaHHH opraHiraecKoro cyjib<t>irraoro npoMe^cyTOHHoro coe^HHe- 
hhh oGineH 4>opMyjii>i R-(CO)0-S0 3 H, b kotopoh R npeflCTaBjnieT coooh ajra<|>aTHHecKHH 3aMecraTejib. Cno- 
co6, KpoMe Toro, BKjnonaeT B3aHMo/i;eHCTBHe ymepoflHoro MaTepHajia c opraHHHecKHM cyjib<l>HTHbiM npoMe- 

^CyTOHHBIM COeAHHeHHeM, npeAyCMOTpeHHblM Ha nepBOH CTaflHH, B yCJIOBHHX, 3({)4)eKTHBHI>rX KJW C03£aHHfl 

ynnepOAHoro MaTepH&rea c MO#H(j)Hn.HpOBaHHOH nosepxHocTbio, co,nep>Kamero mho^kcctbo noBepxHOcrao- 
CBH3aHHt»ix cyjit^OHaTHtix 3aMecraTejieH o6mej« <J)opMyjTbi -S0 3 H. 

HacToamee H3o6peTeHHe othochtch k cnoco6y nojiyneHHH yraepo/ja c yjrynuieHHOH 3JieKTpoHHOH h npo- 
tohhoh npoBOAHMOCTfcip, conepacameMy cyjn>4>HpoBaHHe MejiKOOTcnepcHoro ynxepo^Horo MaTepHajia. BBe#e- 
HHe cyjiBcj) o HaTHfcix (^yHKUHOHajiBHBix rpynn Ha MejiKOflHcnepcHbiH yrjiepo^HbiH MaTepnaji yjiynuiaeT cbohct- 
sa yrjiepoAHoro MaTepHajia. B nacraocTH, 4>yHKUHOHajn>Hi>iMH rpynnaMH hbjdhotch, HanpHMep, rpynm>i cyjib- 
4>okhcjiotm. Tpynnbi cyjib(j)OKHCJiOTbi MoryT 6bitb noBepxHOCTHO-CBjraaHbi c yrjiepoflHbiM MaTep HajioM npa- 
MbiM cyjib4>HpoBaHHeM. 

PacKptiTo ycTpoHCTBo, coAep^camee MejiKozjHcnepcHbiH cyjn»<}>HpoBaHHbiH yrjiepo^HbiH MaTepnaji. 

flaHHoe H3o6peTeHHe othochtca k npHMeHeHmo cyjiB^npoBaHHtix yrjiepoAOB b to hjihb hbix 3JieMeHTax. 
flaHHoe H3o6peTCHHC, b nacTHOCTH, othochtch k np HMeHe hheo cyjib<i)HpoBaHHbix ymepoflOB b KanecTBe MaTe- 
pnajia hochtcjih b KaTajiH3aTopax toiijihbhmx 3JieMeHTOB. flonojiHHTejibHO bkjhohch to iijihb hmh 3JieMeHT, co- 
Aep^camHH aHOA, KaTOA h PEM. 

^onojiHHTejitHbie npeHMymecTBa #aHHoro H3o6peTeHHa npczjCTaBJieHbi oTHacra b nocnejryioineM onnca- 
hhh h oT^acTH bhahbi H3 onHcaHH>i hjih MoryT 6bitb BbiHBJieHbi npn ocymecTBJieHHH H3o6peTeHHH. npeHMyme- 

CTBa H30 6p eT6 HUH 6yflyT peaJIH30BaHGE»I H AOCTHrHyTBI C nOMOmSIO 3JieMeHTOB H KOM6HHaUHH, B HaCTHOCTH, 

OTMeneHHBix b npHJiaraeMOH (|)opMyjie H3o6peTeHHa. ^oidkho 6bitb noHHrao, hto KaK BbiinenpHBe/jeHHoe 
KpaTKoe onHcaHHe, TaK h nocjie^ryioinee noApo6Hoe onncaHHe hbjihiotch tojibko hjijuo cTpaTHB hbimh h noncHH- 
TejitHbiMH h He orpaHHHHBaiOT H3o6peTeHne, KaK onpe^ejieHO ^opMynoH H3o6peTemDi. 

KpaTKoe onncaHiie MepTeaceii 
Ha npHJiaraeMbix (J)Hrypax, KOTopbie BBeAeHbi b aaHHoe onncaHHe h cocTaBjraiOT ero nacTb, noica3aHo He- 
ckojibko BapHaHTOB .naHHoro H3o6peTeHHa, h 4>Hrypi>i BMecTe c onucaHHeM cjiy^caT ajih noacHeHHH npmmHnoB 
H3o6peTeHHH. 

Ha 4>ht. 1 noKa3aH "THnHHHMH" PEMFC: Ha 4>ht. 1A npe^cTaBJieHa cxeMa PEMFC, Ha $nr. IB noica3aHa 
AeTajiB, y3Jia 3JieiapoAa h MeM6paHBi PEMFC. 

Ha 4>Hr. 2 npeflCTaBJieHa cneKTporpaMMa, nojiy^eHHan mctoaom peHTreHOBCKOH (J)OT03neiapoHHOH cneK- 
TpocKonHH (XPS), yrjiepoAHon ca^cn CDX-975, Hcno jii»3 ob aHHOH w& nojiyneHHa cyjn»4>HpoBaHHbix npo^yKTOB 
npHMepoB. 

Ha 4>ht. 3 npeACTaBjieHa XPS-cneKTporpaMMa cyjit^npoBaHHOH yrjiepo^HOH ca^cw, nonyneHHOH b npn- 
Mepe 4. 

Ha $ht. 4 npe^CTaBJieHa XPS-cneKTporpaMMa bbicokoto pa3peineHna cyjit^HpoBaHHOH yrjiepo^HOH ca- 
>kh, nojryHeHHOH b npHMepe 4, noKa3bmaioma5i npou;eHTHoe coaepacaHHe khcjiopoahbix qacraut, KOToptie npH- 
CyTCTByiOT B nOBepXHOCTHO-CBfl3aHHBIX cyjn>4>OHaTHbix 3aMecTOTejiax. 

Ha 4>hi\ 5 npe,n;cTaBjieHa XPS-cneKTporpaMMa bmcokoto pa3penieHHK cyjib4)HpoBaHHOH yrjiepo^HOH ca- 
5kh, nojiyneHHOH b npHMepe 4, noKa3biBaiomafl npoixeHTHoe coAep^caHHe nacTHu; cepbi, KOToptie npncyTCTByioT 
KaK noBepxHOCTHO-CBH3aHHi>ie cyjib(jpoHaTHLie 3aMecTHTejiH. 

Ha 4>»r. 6 npe^cTaBjieHa XPS-cneKTporpaMMa njiaTHHnpoBaHHOH cyjn>4>KpoBaHHOH yrjiepoOTofi caacn H3 
npHMepa 4. 

Ha <^nr. 7 npe^cTaBJieHa XPS-cneKTporpaMMa bmcokoto pa3peiHeHH», noKa3E,iBaK>mafl cyjn»(|)OHaT Ha 
miaTHHHp OBaHHO h cyjibc^HpOBaHHOH yrjiepoAHOH ca5Ke H3 npHMepa 4. 

Ha 4)Hr. 8 npetfcTaBjieHM nojiapH3aiXHOHHbie KpHBBie MeM6paH03JieKTpo,a;Horo y3Jia (MEA), coaepjKamero 
KOMMepnecKHii npoziyKT Johnson Matthey n njiaTHHHpoBaHHyio cyjib^HposaHHyio yrjiepo^Hyio caacy HacTOH- 
m;ero H3o6peTeHiw, noKa3biBaioin;He xapaKTepncraKH AByx MaTepnanoB b MeM6paH03JieKTpoAHbix y3Jiax. On- 
peAeJMJin tok npn H3MeHeHHH noTeHnnajia b MaTepnajiax. 3jieKTpoA nojrynajiH cnoco6oM "AeKaitt-nepeHOca", 
pa3pa6oTaHHbiM Los Alamos Laboratory, fljra Ka^oro o6pa3ua KaK aHO«, TaK h KaTOA nojiy^ajin c npn6jiH3H- 
TejibHbiM co^ep^caHHeM Pt 0,3 mt/cm 2 . 

Hcnojib30Bajin cjieAyiomne ycjiOBHH aHajiH3a: 

TeMnepaTypa 3JieMeHTa = 80°C 

TeMnepaTypa koji6bi yBJia^cHeHHM aHOAa = 105°C 

TeMnepaTypa kojiGm ys Jia^KHe hhh KaTO^a = 90 °C 

PeaKUHOHHbie ra3bi: 

AHo^HbiH Boaopofl = 60 mji/mhh +14 mji/mhh/A 
KaTOflHbift KHCjiopofl = 60 mji/mhh + 8 mji/mhh/A 

B nponecce aHajiH3a Ha 3JieMeHre no AAepjKHB ajin npOTHBO AaBJieHHe 30 (J)y ht/ kb . jx^o hm . nojryqaeMbie no- 
TeHnnajibi He KoppeKrapoBajiHCb Ha iR-na,n;eHHe. 
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IIoApcrfHoe onucaHne H3o6peTeHHSi 

riepe^a tgm, kslk 6yjjyT onHcam>i HacTOflmne coeflHHeHHH, KOMno3HH.HH, H3,nejiHfl, ycTpoiicTBa h/hjih cno- 
co6bi, HeoGxoflHMO noHHMaTb, hto jjaHHoe H3o6peTeHHe He orpaHHHHBaeTCJi oraejibHbiMH cnoco6aMH CHHTe3a; 
OTOejibHtie cnoco6bi MoryT, kohchho, BapbnpoBaTbCH. Taicace jjojijkho 6htb noHjrrao, hto Hcnojib3yeMas b 
AaHHOM onncaHHH TepMHHOJiorna npe/ma3HaHeHa mnbKO nw onncaHHH nacTHbix BapnaHTOB h He npe^Ha3Ha- 
neHa 6i>iti> orpaHHHHBaiomeH. 

B aaHHOM onncaHHH h b nocjie.oyiomeH 4>opMyjie n3o6peTeHHJi ccbuiKa .nejiaeTca Ha pn.a TepMHHOB, koto- 
ptie onpejjejieHHO HMeioT cjie/xyfoinne 3HaHeHHfl. 

^ojdkho 6bitb oTMeneHo, hto, KaK HcnoJii»30BaHo b onHcaHHH n npHJiaraeMOfi 4>opMyJie H3o6peTeHH5i, 

eflHHCTBeHHBie (|)OpMBI BKJHOHaiOT COOTBeTCTByiOmHe MHO^ceCTBeHHBie <})OpMBI, eCJIH KOHTeKCT flBHO He yica3Bi- 

BaeT Ha HHoe. TaKHM o6pa30M, HanpnMep, cctuiKa Ha "oKHCJiHTejib" BKJHonaeT cMecn oKncjiHTejieH, ccbuiKa Ha 
"BoccTaHOBHTenb" BKjnoHaeT CMecH ,zn*yx hjih 6ojiee TaKHX BoccTaHOBHTejien n T.n. 

HHTepBajiBi MoryT 6bitb BbipaaceHbi b jjaHHOM onncaHHH KaK ot "npHMepHo" ojmoro nacTHoro 3HaneHHfl 
h/hjih jxo "npHMepHo" jjpyroro nacTHoro 3HaneHHH. Kor/j;a HHTepBan TaK onpeijeJieH, Apyron Bapnanr BKJUona- 
eT ot o^Horo nacTHoro 3HaHeHH* h/hjih jxo apyroro Hacraoro 3HaqeHHH. AHajiorHHHO, Koma 3HaneHHfl BBipa- 
Hcem>i npH6jiH^ceHHbiMH 3HaHeHH5iMH npn HcnojiB30BaHHH npeABijrymero "npHMepHo", jj,oji>kho 6biti> noHjrrao, 
hto nacTHoe 3HaHeHHe o6pa3yeT jjpyron BapnaHT. KpoMe Toro, aojdkho 6bitb noHHTHO, hto KOHeHHbie tohkh 

KaMCHOrO H3 HHTepBaJIOB HBJDHOTCfl 3HaHamHMH KaK OTHOCHTejIBHO ^pyrOH KOHeHHOH TOHKH, TaK H He3aBHCHMO 

ot ApyroH KOHeHHOH tohkh. 

CcbiJiKH b onncaHMH h b 3aKJiK>HaionieH 4>opMyjie H3 o6p eTe hhh Ha Mac.H. Hacraoro ajieMeHTa hjih KOMno- 

HeHTa B KOMn03HIIHH HJIH H3#eJIHH o603HaHaiOT MaCCOBOe COOTHOHieHHe MOKJjy 3JieMeHTOM H KOMnO HeHTOM H 

jho6i>imh ApyrHMH 3jieMeHTaMH h KOMnoHeHTaMH b KOMno3HHHH hjih H3AenHH, /hih KOTopbix Bbipa?KeHa Mac.H. 
TaKHM o6pa30M, b coeAHHeHHH, C0Aep»cameM 2 Mac.H. KOMnoHenra X h 5 Mac.H. kom noHeHTa Y,XhY npn- 
cyTCTByioT b MaccoBOM cooTHonieHHH 2:5 h npHcyTCTByioT b TaKOM cooTHorueHHH He3aBHCHMo ot Toro, co- 
Aep^caTCH jih b coeOTHeHHH ^onojiHHTejibHBie KOMnoHeHra. 

MaccoBBiH npoiiem- KOMnoHenra, ecjiH cneiiHajibHO He yKa3aHO HHoe, othochtch k oGmen Macce penen- 

Typbl HJIH KOMn03HHHH, B KOTOpyK) BKJHOHeH KOMnOHeHT. 

r, Heo6fl3aTejiBm»iH" hjih "Heo6H3aTejibHo" 03HanaeT, hto nocjieflOBaTejibHo onncaHHbiH 4>aKT hjih o6ctoh- 
TejibCTBo Mo:«eT HMeTB hjih MO^ceT He HMeTt MecTO, h hto onHcaHHe BKjnonaeT cjiynan, Kor,aa yKa3aHHtie <J>aKT 
hjih o6cTOHTejibCTB0 HMeioT MecTO, h cjiynaH, KOTJ^a He HMeiOT MeCTO. 

IIOJ^ TepMHHOM M 3$(J)eKTHBHOe KOJIHHeCTBO" KOMH03HHHH HJIH CBOHCTBa, KaK IipeJTyCMOTpeHO B flaHHOM 

onncaHHH, noHHMaeTca TaKoe KOJiHHecTBO, KOTopoe cnoco6Ho o cy mecTB jihtb 4>yHKHHio KOMno3 hi^hh hjih 
cbohctbo, fljis KOTopbix BbipaaceHo 3<})4)eKTHBHoe KOJiHHecTBO. KaK 6y,neT OTMeneHO HHace, Tpe6yeMoe TOHHoe 
KOJiHHecTBO 6y«eT BapbHpoBaTbCH ot cnoco6a k cnoco6y b 3 aB hchm octh ot pa3JiHHHBix nepeMeHHtix, TaKHX 
KaK HcnojiB3yeMBiH cocTaB h Ha6jno/jaeMi>ie TexHOJiorHHecKHe ycjiOBHa. TaKHM o6pa30M, HeB03MoacHO onpeMe- 
jihtb TOHHoe "3(})4)eKTHBHoe KOJiHHecTBO". 0,zniaKO nojixoOTmee 3^)^eKTHBHoe ko hhh e ctbo MoaceT 6biti> onpe- 
AejieHO cneanajiHCTOM b jj,aHHOH o6jiacTH npn HcnojiB30BaHHH tojibko pyrHHHoro 3KcnepHMeHTHpOBaHH^. 

"TonJIHBHBIH 3JieMeHT" (FC), KaK HCnOJIb30BaHO B AaHHOM OnHCaHHH, HBJI^eTCH 3JieKTpOXHMHHeCKHM ycT- 

poHCTBOM, KOTopoe npeo6pa3yeT XHMHHecKyio 3HeprHK> b 3JieKTpHHecKyio 3HeprHK> 6e3 ropeHHa. Pa3JiHHHbie 
THm»i TonjiHB Hbix 3JieMeHTOB BKJiiOHaiOT TBepjJtooKCHflHbiH (SOFC), pacnjiaBHOKap6oHaTHbiH (MCFC), mejion- 

HOH (AFC), 4>OC(|)OpHO-KHCJIOTHbIH (PAFC), PEMFC H npHMOH MeTaHO JIbHbl H (DMFC) TOnJIHBHbie 3neMeHTbi. 

"IlpoTOHoo6MeHHafl MeM6paHa" (PEM) hbjihctch TaK^ce H3BecTHOH hjih Taicace Ha3bmaeTCH KaK nojiHMep- 
HO-3JieKTpojiHTHaH MeM6paHa (PEM), TBepA03JieKTpojiHTHaH MeM6paHa (SPM) hjih TBepjjbiH nojiHMepHbiii 

3JieKTpOJIHT (SPE) B H3BeCTHbIX TOnjIHBHblX 3JieMCHTaX. PEMFC HBJMeTCH THnOM TonjiHBHoro 3JieMeHTa, KOTO- 

pbiii Hcnojib3yeT nojiHMepHO-3JieKTpojiHTHyio MeM6paHy jijul nepeHoca npoTOHOB Mexcjxy AByMH KaTajiHTHH e - 
ckhmh cjiosmh 3JieKTpoj^a, TaKHM o6pa30M, reHepHpyH 3JieKTpHHecKHH tok. PEM o6whho pa6oTaeT npn TeMne- 
paTypax jap 100°C. 

"MeM6paH03JieKTpojj,HbiH y3eji M (MEA) jiBjmeTCJi TepMHHOM, Hcnojib3yeMbiM jijih y3Jia, KOTopbiH o6mhho 

COJjepaCHT nOJIHMepH)^IO MeM6paHy C npHCOCUHHeHHblMH/CMeaCHblMH 3JieKTpoaHbIMH cjiohmh. B HeKOTOpblX 

cjiynaax MEA Mo^ceT TaK»ce BKJUOHaTb ra30j^H(J)4)y3HOHHbiH cjioM/MaTepHajibi. 

"MeTajuiOM", KaK Hcnojib30BaHO b aaHHOM onncaHHH, MO»ceT 6biTb, HanpHMep, AparoueHHbiH MeTajui, 
GjiaropojiHbiH MeTajui, MeTajiJibi nnaTHHOBOH rpynnbi, njiaraHa, ee ciuiaBbi h okchj^m h KOMno3HUHH, KOTopbie 
BKJHonaiOT nepexojiHbie MeTajuibi h hx okchtj^i. KaK Hcnojib30BaHO b AaHHOM onncaHHH, "MeTajui" jieHCTByeT 
KaK KaTajiH3aTop peaKimn, HMeiomnx MecTO b tohjikbhom 3JieMeHTe. MeTajui MO^eT Bbi#ep>KHBaTb CO- 
3arpH3HeHna h MoaceT Taicace ncnojib30BaTbCH b npHMbix MeTaHOJibHbix TonjiHBHbxx 3JieMeHTax. 

"HoHOMep" HBJiHeTCH HOHonpoBo.naiiiiHM nojiHMepoM (HanpHMep, Nafion). HoHOMep nacTO ncnojib3yiOT b 
3JieKTpojjHOM cjioe jxna yjiynmeHHH hohhoh npoBOJj,HMocTH. 

"MeM6paHa" MoaceT 6biTb H3BecTHa KaK nojiHMepo-3JieKTpoJiHTHaH MeM6paHa, TBepaaa nojiHMepHaa MeM- 
6pana, cenapaTop hjih noJinMepHaa MeM6paHa. "MeM6paHOH n hbjihctch HOHonpoBOjjHmHH flH3JieKTpHHecKHH 
MaTepnaji, npoTHB KOToporo noMemaiOTca hjih npHKpenjinioTCH KaTajiHTHnecKHe sjieKTpo/^bi. 06hhho b Ha- 
CToamee speMH b TexHHKe Han6ojiee nacTO ncnojib3yeMOH MeM6paHon HBJweTca nep4>Topcyjib({)HpoBaHHbiH 
nojiHMep (HanpnMep, Nafion), KOTopbin MO»ceT 6biTb nojiyneH c pa3JiHHHbiMH TOJimnHaMH, 3KBHBajieHTHbiMH 
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MaccaMH H T.fl. 

"3jieKTpOJIHTOM", KaK HCnOJIb30BaHO B flaHHOM OnHCaHHH, HBJDieTCJI HeMeTajuimecKHH ajieKTponpoBOA- 
hhk, b kotopom tok npoxoflHT npH ^BH^ceHHH ho hob hjih BemecTBa, KOTopoe npH pacTBopeHHH b noflxoAnmeM 
pacTBopHTejie CTaHO b htch hohhbim npoBo#HHKOM. nojiHMepHaK MeM6paHa TonjiHBHoro 3JieMeHTa hbjihctch 

3JieKTpOJIHTOM. 

,f 3jieKTpoKaTajiH3aTopoM", TaioKe o6o3HanaeMbiM KaK "KaTanraaTop", xbjixqtcx MeTajui (KaK onpeflejieHO 
Bbinie), KOTopbiii flBJiaeTCH KaTanHTHHecKHM jijifL peaKUHH ToruiHBHoro 3jieMeHxa, o6mhho HaHeceHHbiH Ha ho- 
cnrejib KaTajiH3aTopa (onpeaejieHHbiH HHMce). 

"KaTajiH3aTopoM Ha HocHrejie" asjHieTcs MeTanji (KaK onpe,n;ejieHo Bbime), #HcneprHpOBaHHbiH Ha hoch- 

Tejie. 

"HocHTejieM KaTajiraaTopa" hbjihctch MaTepnaji, Ha kotopom /mcneprnpoBaH MeTaiui (KaK onpczjejieHO 
Btiine), o6mhho npoBOflaiHHH (HanpHMep, yrjiepoflHaa ca^ca, npoBO^iHHH nojiHMep hjih MOflH(|)HUHpoBaHHaa 
yrJiepoAHaa ca^ca). 

"SjieKTpO.HOM", KaK HCnOJIb30BaHO B AaHHOM OnHCaHHH, HBJIiieTCfl CJIOH 3JieKTpOKaTaJIH3aTOpa Ha HOCHTe- 

jie b KOHTaKTe h/hjih npHKpenjieHHbiH k MeM6paHe. 3jieKTpoA MoaceT BKjnonaTb HOHOMep h apyrae MarepHajibi 
b AonojiHeHHe k 3JieKTpoKaTajiH3aTopy. 

"PeaKUHen BoccTaHOBJieHHa KHCJiopoaa", TaioKe h3bccthoh KaK ORR, KaTOflHaa peaKUHH hjih KaTO^HbiH 

IipOHeCC, 5IBJIfleTC5I peaKHHfl, B KOTOpOH ra3006pa3HbIH KHCJIOpOJJ BOCCTaHaBJIHBaeTCfl B npHCyTCTBHH npOTOHOB 

c nojiy^eHHeM boabi. 

"PeaKUHfl OKHCJieHHa BOAopo.ua" H3BecTHa TaioKe KaK HOR, aHOAHaa peaKHHa hjih aHOAHbiii nponecc. 
OHa jiBjiaeTCJi peaKHHen, b kotopoh ra3oo6pa3HtiH BOflopo^ npeBpamaeTca b npoTOHbi h 3JieKTpom>i. 

,f ripoTom>i ,f , HHor^a Ha3BiBaeMbie b KOHTeKCTe TonjiHBHoro 3JieMeHTa KaK H + , BOflopoflHbie hohbi hjih no- 
jioKHTejibHBie HOHbi, jiBJijGOTca nojioacHTejibHo 3apH5KCHHOH HacTbio BOflopo^Horo aTOMa, KOTopaa nojrynaeTCJi 
b pe3yjii»TaTe peaKHHH KarajiHTHHecKoro MaTepnajia. 

" Ahoaom" 3iBJi5ieTC5i 3JieKTpo£, i\n;e HMeeT MecTO peaKHjaa okhcjichh^ TonjiHBa. 

"KaTO^OM" KBJHieTCH 3JieKTpOJJ, T^e HMeeT MeCTO peaKH.Hfl BOCCTaHOBJieHHJI OKHCJIHTejHL 

,! ra30AH(i)4)y3HOHHI»IM CJIOeM 1 ', HJIH GDL, HJIH nOpHCTblM 3aiIJKTHbIM CJIOeM, HBJIHeTCfl CJIOH, CMeECHblH C 

3jieKTpoji;aMH, KOToptiH cnoco6cTByeT OT$$y3HH ra30o6pa3Hbix peareHTOB Hepe3 3JieKTpoja;HyK) noBepxHOCTb; 
hm o6bihho HBJiaeTCH yniepo,HHafl TKaHb hjih yrjiepoAcoAepsKamaa 6yMara (HanpHMep, yrjiepoflcoflepHcaiHaa 
6yMara, BbinycKaeMan Toray). GDL aojdkch 6bitb 3JieKTponpoBOAfluXHM wn nepeHOca 3JieKTpoHOB nepe3 
BHemmoio uenb. 

" ToKOct eMHHKOM " ABJi5ieTca ^acTb TonjiHBHoro 3JieMeHTa, CMe^cHaa c GDL, nepe3 KOTopyio 3JieKTpoHbi 
npoxo^HT bo BHeinmoio uem>; oh TaK»ce MoxceT coflepiacaTb KaHajibi h npoxoflbi (nojie reneHHa) rjix oGjier^eHHa 
ra3opacnpe^ejieHHH h oSbihho BbinojiHeH H3 rpa<f)HTa hjih irpoBOAfliinix KOMno3 htob . 

'Tlojie TeneHHa" HBJiaeTCH cxeMOH pacnpeAejieHHH ra30o6pa3Hbix peareHTOB no 3JieKTpoAy. ITojie TeneHHa 

MO^CeT 6bITb HaCTbK) TOKOCbeMHHKa h/hjih GDL. 

"KkojiHTopoM", hjih AH3JieKTpHK0M, asjifleTCH MarepHaji, KOTopbiH HBJiHeTca 3JieKTpoHenpoBOAamHM. 
fl 3jieKTponpOBOiiHMOCTbK) M , hjih 3JieKTpoHHOH npoBOAHMOCTbio, hbjihctch cnoco6HocTb MaTepnajia npo- 

BO^HTb 3JieKTpOHbI. 

"TIpOTOHHOH npOBOAHMOCTbK)", HJIH HOHHOH HpOBO ^HMO CTbK) (IC), flBJIHeTCH CnOC06HOCTb MaTepnajia 
npOBO^HTb HOHbi HJIH IipOTOHbl. 

"ITjiaTHHHpoBaHHeM", hjih 6ojiee o6bihho t, MeTajuiH3ai;HeH M , HBJiaeTCH npou;ecc HaHeceHHH hjih oca^e- 
hhh MeTajuia (KaK onpeflejieHO Bbime) Ha nosepxHocTb HOCHTejia KaTajiH3aTopa. B nacTHo cth, njiaTHHHpoBaHH- 
eM HBJiHeTca npouecc HaHeceHHH hjih ocaacAeHHa nnaTHHbi (Pt) Ha noBepxHocTb HOCHTena KaTajiH3aTopa. 

"YrjiepoAHOH careen" flBjiHercx npoBOAamHH auHHo4)opMHbiH yrjiepo^, Hcnojib3yeMbiH, HanpHMep, b Ka- 
necTBe HOCHTejia KaTajiH3aTopa (onpejcejieHHoro Bbiine). 

"nopHCTocTb", hjih npoHHuaeMOCTb, MO»ceT 6biTb Hcnojib30BaHa aJih o6o3HaqeHHfl nopncTocTH yrjiepoA- 
hoh ca^KH (T.e. pa3HOCTH b NSA h STSA H3MepeHHHx njioma^H noBepxHOcra) hjih MaKpocKonHHecKOH nopne- 
tocth 3JieKTpoAHOH cTpyKTypbi (t.c othochtch k choco6hocth ra30o6pa3Hbix peareHTOB AH^yHflHpoBaTb 
nepe3 3JieKTpo,aHbiH cjioh). 

"YrjiepoAHbiH" othochtch k TBepAOMy MaTepHany, cocToameMy, no cymecTBy, H3 3JieMeHTapHoro yrjie- 
po/(a. "YrjiepoAHbiH MaTepnaji" npe4Ha3HaneH BKjnorarb 6e3 orpaHHqeHHa: i) yrjiepo^Hbie coeflHHeHHfl, HMeio- 
mne e^HHCTBeHHyio onpe^ejiHMyio crpyicrypy; hjih ii) arperaTbi yrjiepo^Hbix nacTHU, rae arperaTbi He .aojiacHbi 
o6fl3aTejibHo HMeTb e^HHyio noBTopaiomyiocH h/hjih onpeAejiaeMyio CTpyKxypy hjih CTeneHb arperHpoBaHHK. 

"MejiKO^HcnepcHbiH" 03HaHaeT MaTepnaji H3 oTOejibHbix qacTHH.. 

"riOJHipH3aUHOHHaa KpHBaH", HJIH IV-KpHBaH, HJIH BOJIbTSMnepHaH KpHBaK, HBJIfleTCa AaHHbl- 

MH/pe3yjibTaTaMH 3JieKTpoxHMH x iecKoro aHajiH3a MaTepnajiOB MEA hjih KaTanH3aTopa. 

"PeHTreHorpa^HHecKHH MeTOA" (XRD) HBJweTca aHajiHTHnecKHM mcto^om onpeAejieHHH KpHCTajuiorpa- 
4>HHecKHx cbohctb MaTepnajia, b nacTHOCTH, KaK Hcnojib30BaHO b AaHHOM onncaHHH, pa3Mepa OTcneprHpoBaH- 

HblX MeTaJIJIHHeCKHX HaCTHU. 

"PenrreHOBCKaH 4>OT03JieKTpoHHafl cneKTpocKonHa" (XPS), hjih 3JieKTpOHHbiH CKaHHpyiomHH xHMHqe- 

CKHH aHaJIH3 (ESCA), HBJIHeTCH aHaJIHTHHeCKHM MeTO^OM nOJiyqeHKH HH(|> OpMai^HH O XHMHHeCKOM COCTOHHHH 
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MaTepnajioB. 

"CO-xeMocop6uH5i", hjih npome CO, flBjraeTca aHajiHTHHecKHM mctoaom onpeflejieHira flocrynHOH iijio- 
ma#H noBepxHocra MaTepnajia, b HacraocTH, MeTajuimecKHX nacTHU. 

KaK HcnojiK30BaHO b ;iaHHOM onncaHHH, TepMHH "ajiKHJi" othochtch k rpynne napa(|>HHOBoro yrjieBO#o- 
poaa, KOTopan mohcct 6biti> nojiyneHa irc ajiKaHa npn OT6paci>iBaHHH o/iHoro BOflopo^a H3 $opMyjn>i. Heorpa- 
HHHHBaiomHe npHMepbi BKJuo^aiOT C i -C 1 2 ajiKaHOBbie npoH3BOJXHbie, TaKHe KaK mcthji, 3thji, npomui, H3onpo- 
iihji, 6yTHJi, TpeT-6yxHJi h H3o6yrHJi. #ojdkho 6i>iti> noHHTHO, hto ajiKHjibHbiM 3 aMecTHTejieM momqt 6biTb aji- 
KniibHbiH 3aMecraTejib c pa3BeTBJieHHofi hjih npHMOH uenbio. 

"Cyjib$OHaTHbiH 3aMecTHTejib" othochtch k 4>yHKixHOHajibHOMy 3aMecTHTejno, coAep>KaineMy o6myio 
4>opMyjiy -S0 3 \ Cyjib4>OHaTHbiH 3aMecTHTejn> b HacToameM H3o6peTeHHH MoaceT aonojiHHTejibHO coAepacaTt 
M, co3#aBaH b pe3yjibTaTe cyjib(})OHaTHbiH 3aMecraTejib, KOToptiii HMeeT o6myio 4>opMyjiy -S0 3 M. M mo>kct 
npeflCTaBjiflTb co6oh, HanpHMep, BOAopo^ hjih KaTHOHHbie nacTHHbi, TaKHe KaK HaTpHH, KajiHH, jihthh hjih aM- 

MOHHH. 

KaK Hcnojib30BaHO b #aHHOM onHcaHHH, TepMHH "(^JioKyjiHUHa" othochtch k o6 , bejj,HHeHHio hjih arpern- 
poBaHHio cycneHmHpoBaHHBix hjih OTcnepraposairabix Hacraix TaKHM o6pa30M, hto ohh o6pa3yiOT He6ojn>niHe 
arjioMepa™. 

H OOBepXHOCTHO-CBH3aHHbIH" OTHOCHTCH K 3aMeCTHTejlK>, KOTOpblH flBJIfleTCfl, no CymeCTBy, CBS3 aHHbIM 

jih6o KOBajieHTHO, jih6o hohho, rjiaBHBiM o6pa30M hjih tojibko, c BHemHen nosepxHocTbio yrjiepo^Horo MaTe- 
pHajia. 3aMecTHTejn>, KOTopbiH HBjraeTCH "noBepxHOCTHO-CBjrcaHHbiM", no cymecTBy, OTcyTCTByeT BHyTpn hjih b 
cepaneBHHe yrjiepoOToro MaTepnajia. 

"KaTHOHHbie HaCTHUBl" OTHOCHTCH K nOJIO>KHTeJIbHO 3ap5DKeHHbIM MOJieKyJIHpHBIM HJIH 3JieMeHTapHbiM 

MacTHuaM, cnoco6m>iM o6pa30BbiBaTi> HOHHyio CB>i3b c cyjib(|)OHaTHbiM 3aMecTHTejieM, KaK onpe/jejieHo Bbirue. 
IIpHMepbi KaTHOHHbix nacTHn, BKjnoHaiOT 6e3 orpaHiraeHHJi aMMOHHH, mejiOHHBie MexajiJiM rpynnbi I, HanpH- 
Mep, JIHTHH, HaTpHH, K3JIHH, py6HjXHH, He3HH H (})paHIHiH, a TaK»Ce OpraHHHeCKHe OCHOBaHHH, TaKHe KaK JXHMe- 
THJI3TaHOJiaMHH (DMEA) H TpH3TaHQJiaMHH (TEA). 

HacToamee H3o6peTeHHe othochtca k cnoco6y cyjn>4>HpoBaHHH Mejnco/iHcnepcHoro yniepojxHoro MaTe- 
pnajia h nojiynaeMon KOMno3HUHH. Cyjib^HpoBaHHBiH yrjiepofl cnyacHT b KanecTBe y HHKajibHoro HocHTejia 
KaTajiH3aTopa c yBeJinneHHeM npoTOHHOH h 3JieKrpoHHOH npoBOAHMOcra h oflHopoAHoro pacnpe,nejieHH5i Me- 
TajijiHHecKHx nacTHu b KaTajiH3aTopax Ha Hocnrejie TonjiHBHbix 3JieMeHTOB. Cyjib(J)HpoBaHHbiH yrjiepo^ TaKace 
yjiynmaeT BOflOHcnojib30BaHHe b o Kpy skchhh ToiuiHBHoro 3JieMeHTa. HacTOHiu.ee H3o6peTeHHe TaK^ce othocht- 
ch k ycTpoHCTBy, cojjepacameMy J^aHHyio KOMno3HUHio. 

KOMn03HUHH. 

HacT05nn.ee H3o6peTeHHe BKJUOHaeT KOMno3Hunio, co,a;ep»camyK) MejiKOAHcnepcHfciH cyjiB<}>HpoBaHHBiH 
yrjiepoAHbiH MaTepnaji. KoMno3HUHH mohcct ^onojiHHTejiBHO co^ep>KaTB npoBOOTmnn nojiHMep. Komho3huhh 
Mo^ceT ^onojiHHTejibHO co^ep^caTb MeTajui. 

yrjiepoziHbiH MaTepnaji onncaH HHace. MejiKOAHcnepcHbiH cyjiB^HpoBaHHBiH yrjiepojxHMH MaTepnaji mo- 
^ceT cocTaBJiHTb ot 6ojiee npHMepHo 0 ao npHMepHO 100 Mac.% KOMno3nnHH HacToamero H3o6peTeHHa, Ha- 
npHMep npHMepHo 2, 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95, 96 hjih 97 Mac.%. 
MejiKOAHcnepcHBiH cyjn><})HpoBaHHBiH yrJiepo^HBiH MarepHaJi MoaceT cocTaBJi>m» npHMepHO 1-90 Mac.% kom- 
^03H^HH, HanpHMep npHMepHO 2, 5, 10, 12, 15, 17, 20, 22, 25, 27, 30, 32, 35, 37, 40, 42, 45, 47, 50, 52, 55, 57, 
60, 62, 65, 67, 70, 72, 75, 77, 80, 82, 85, 87 hjih 88 Mac.%. MejiKOflHcnepcm>iH cyjib(}>HpoBaHHi>iH yrjiepoAHBiH 
MaTepnaji MoaceT cocTaBJiHTB npHMepHO 40-90 Mac.% KOMno3HUHH, HanpHMep npHMepHO 41, 44, 46, 50, 51, 54, 
56, 60, 61, 64, 66, 70, 71, 74, 76, 80, 81, 84, 86 hjih 89 Mac.%. MejiKOJXHcnepcm>iH cyjiB(}>HpoBaHHbiH yrjiepofl- 
hbih MaTepnaji MO^ceT cocTaBJiHTb npHMepHO 50-80 Mac.% KOMno3HUHH, HanpHMep npHMepHO 53, 54, 55, 57, 
58, 60, 63, 65, 67, 68, 70, 73, 75, 77, 78 hjih 79 Mac.% HacTOHinero H3o6peTeHHH. 

KoMno3HUHH Mo^ceT aonojiHHTejibHO coflepacarB npoBOOTmnn nojiHMep. IIpoBOAamHH nojiHMep onncaH 
HH^ce. npoBo,n5iniiHH nojiHMep MO^ceT cocTaBjWTb npHMepHO 0 Mac.% h MeHee npHMepHO 1 00 Mac.% KOMno3H- 
hhh HacTOHmero H3 o6peTeHHH, HanpHMep npHMepHO 1, 2, 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 
75, 80, 85, 90, 95, 96, 97, 98 hjih 99 Mac.%. npoBo^iuHH nojiHMep MoaceT cocraBJiHTB npHMepHO 1-50 Mac.%, 
HanpHMep 2, 5, 7, 10, 12, 15, 17, 20, 22, 25, 27, 30, 32, 35, 37, 40, 42, 45, 47, 48 hjih 49 Mac.%. npoBOOTiindH 
nojiHMep MoaceT cocTaBjnm> npHMepHO 20-50 Mac.%, HanpHMep npHMepHO 22, 24, 25, 30, 35, 40, 45, 47 hjih 
48 Mac.% KOMno3HHHH HacToamero H3o6peTeHHH. j 

KoMno3HUHH MomeT AonoJiHHTejibHO co,aep}KaTb MeTajui. MeTajui onncaH HH^ce. MeTajui MO»ceT cocTaB- 
jihtb npHMepHO 2-80 Mac.% komito3HUHH, HanpHMep npHMepHO 3, 5, 7, 8, 10, 12, 13, 15, 17, 20, 22, 25, 27, 30, 
32, 35, 37, 40, 42, 45, 47, 50, 52, 55, 57, 60, 62, 65, 67, 70, 72, 75 hjih 78 Mac.%. MeTajui mo>kct cocTaBJMTb j 
npHMepHO 2-60 Mac.% KOMno3HHHH, HanpHMep npHMepHO 5, 7, 10, 12, 15, 20, 25, 30, 35, 40, 45, 50, 55 hjih 
57 Mac.%. MeTajui MoaceT cocTaBjnm> npHMepHO 20-40 Mac.% KOMno3HHHH, HanpHMep npHMepHO 22, 25, 30, 
35 hjih 38 Mac.%. MeTajui MO^ceT 6bitb pacnpe^ejieH Ha noBepxHoc™ KOMno3Hi^HH. 1 

CyjH>4>HpoBaHHbiH yrjiepoziHbiH MaTepnaji. 

YrJiepoMHbiM MaTepHajioM MoaeceT 6biti> jho6oh MejiKOAHcnepcm>iH, no cymecTBy, yrjiepo^HbiH MaTepnaji, 
KOTopbiH HBJiaeToi 3JieKTpoHonpoBo.namHM yraepoflOM h HMeeT "wcTaTOHHO BbicoKyio" njiomaAt nosepxHO- 
cth. HanpHMep, Moryr Hcnojib30BaTbCH yrjiepo^Haa ca^ca, rpa4)HT, HaHoyrjiepoABi, 4>yjiJiepeHi»i, (J)yjiJiepeHo- 
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bbih MaTepnaji, MejncoflHcnepcHBiH ymepo/j; hjih hx CMecH. 
Yrjiepo^Haa ca^ca. 

YrjiepoAHBiM MaTepHanoM MO>KeT 6bitb yrjiepoAHaa caaca. Bw6op yraepoAHOH ca^KH b H3o6p eieHHH He 
aBJiseTca KpHTmecKHM. JIioGaa yrjiepoAHaa caaca mohcct 6bitb HcnojiB30BaHa b H3o6peTeHHH. MoryT ncnojiB- 
30BaTbCH yrjiepo^HLie caacn c miomaABK) noB epxHocTH (a30THaa njiomaaB nosepxHocra, NSA) npHMepHo 200- 
1000 M 2 /r, HanpHMep npHMepHo 200, 220, 240, 250, 300, 350, 400, 450, 500, 550, 600, 650, 700, 750, 800, 850 
hjih 950 M 2 /r. B nacTHOCTH, MoaeeT HcnojiB30BaTBca yrjiepo/jHaa ca^ca c imomaABio noBepxHOCTH 240 M 2 /r 
(NSA, ASTM D6556). npeanoHTHTejiBHO, hto6bi yrjiepoAHaa caaca HMejia mcjikoctb, 3<|><f)eKTHBHyio julz #hc- 
neprnpoBaHHa MeTajuia. npcunoHTHTejiBHo, hto6bi yrjiepoAHaa caaca HMejia cTpyioypy, 3(})(j)eKTHBHyK> Jm* 

ra30BOH AH(|)(j)y3HH. 

CyjiB^HpoBaHHaa yrjiepoAHaa caaca MO^ceT cocTaBJiaTB ot 6ojiee npHMepHo 0 no npHMepHo 100 Mac.% 
KOMno3HH,HH HacToamero H3o6peTeHHK, HanpHMep npHMepHo 2, 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 
70, 75, 80, 85, 90, 95, 96 hjih 97 Mac.%. CyjiB<|>HpoBaHHaa yrjiepo/jHaa caaca MO^ceT cocTaBjiaTB npHMepHo 
1-90 Mac.% KOMno3HHHH, HanpHMep npHMepHo 2, 5, 10, 12, 15, 17, 20, 22, 25, 27, 30, 32, 35, 37, 40, 42, 45, 47, 
50, 52, 55, 57, 60, 62, 65, 67, 70, 72, 75, 77, 80, 82, 85, 87 hjih 88 Mac.%. CyjiB(j)HpoBaHHaa yraepoAHaa ca^ca 
MoaceT cocTaBJiflTB npHMepHo 40-90 Mac.% kom no3HUHH, HanpHMep npHMepHo 41, 44, 46, 50, 51, 54, 56, 60, 
61, 64, 66, 70, 71, 74, 76, 80, 81, 84, 86 hjih 89 Mac.%. Cyjib^npoBaHHaa yrjiepo#Haa caaca MoaceT cocTaBjiaTB 
npHMepHo 50-80 Mac.% KOMno3Hin*H, HanpHMep npHMepHo 53, 54, 55, 57, 58, 60, 63, 65, 67, 68, 70, 73, 75, 77, 
78 hjih 79 Mac.% HacToamero H3o6peTeHHa. 

CneuHajiHCTBi b jjaHHOH o6jiacTH 3aMeTaT, hto ^acTHnw yrjiepo/jHOH caacn hmciot (J)H3HHecKHe h 3JieK- 
TponpoBOAamHe CBOHCTBa, KOTopBie onpeAejiaiOTca, rJiaBHBiM o6pa30M, pa3MepoM nacTHH, h arperaTOB, <J)op- 
moh arperaTOB, CTeneHtio rpa^HTOBOH ynopjmoHeHHOCTH h noBepxHocraoH xhmhch nacTHii. 

KpOMe TOrO, npOBOAHMOCTB BblCOKOKpHCTaJIJIH^ieCKHX HJIH BBICOKOrpa(j>HTOBbIX qaCTHU HBJIHeTCa BBiine 

npoBOAHMOCTH oojiee aMop<J)HBix nacTHii. 06bihho, jno6aa H3 $opM nacTHH. yrjiepo/j,HOH caacn aBJiaeTca no#xo- 
AameH /yia ocymecTBjieHHa HacToamero H3o6peTeHHa, h KOHKpeTHtiH BBi6op pa3Mepa, cTpyicrypBi h cTeneHH 
rp a(j) htobo h ynopHAOHeHHOCTH 3aBHCHT ot Tpe6oBaHHH k (J)H3HHecKHM CBOHCTBaM h npoBO#HMOCTH, acejiae- 
mbim /jyia yrjiepoAHOH caacH. 

CneuHajiHCT b AaHHOH o6jiacTH MoaceT JierKO BBi6paTB noAXO/jffiiryio yrjiepo^Hyio caacy AJia ko Hicp eTHoro 
npHMeHeHHS. 

YrjiepoAHbie caacn asjiaioTca KOMMepnecKH AOCTynHBiMH (HanpHMep, ot 4>hpmbi Columbian Chemical 
Company, ATJiaHTa, ,0>Kop,zra<Ha). 

flpyrae yrjiepoAHBie MaTepnaJibi. 

MejiKOAHcnepcHBiM yrjiepoAHBiM MaTepnajiOM MoaceT 6bitb MaTepnan, hhoh, hqm yrnepoAHaa caaca. Bbi- 
6op Apyroro yrjiepo#Horo MaTepnana b H3o6peTeHHH He aBJiaeTca kphthhcckhm. JLo6oh, no cymecTBy, yme- 
po^HBiH MarepHaji, kotopbih aBJiaeTca 3jieKTpoHonpoBo 1 nHBiM yraepojjoM h HMeeT " ao CTaroHHO BBicoKyio" 
iijiomaAB noBepxHOCTH, MoaceT 6bitb HcnojiB30BaH b H3o 6p eTeHHH. HanpHMep, Moryr 6bitb HcnoJiB30Bam,i 
rpa4>HT, HaHoyrjiepo/jBi, ^yjuiepeHBi, (fjyjuiepeHOBBiH MaTepnan, MejncoAHcnepcHBiH yraepoA hjih hx CMecn. 

IlpeAno^THTejiBHO, hto6bi yrjiepoAHbiH MaTepnaji hmcji mcjikoctb, 3$$eKTHBHyK) jjjih AHcneprHpoBaHHa 
MeTajuia. FIpeAnoHTHTe jib ho , hto6bi yrjiepo^HBiH MaTepnaji hmcji cTpyKTypy, 3({)(|)eKTHBH>nEO oth ra30BOH nH<|>- 

4>y3HH. 

CneanajiHCT b AaHHOH oojiacra MO^ceT JierKO BBi6paTB yrjiepoAHBiH MaTepnan rjvi KOHKpeTHoro npHMe- 

HeHHH. 

YrjiepoAHBie MaTepnajiBi hbjihiotch KOMMepnecKH AocTynHBiMH. 

CyjiB<f>HpoBaHHBiH yrjiepojjHBiH MaTepnaji MO^ceT cocTaBJiaTB ot 6ojiee npHMepHo 0 %o npHMepHo 
100 Mac.% KOMno3Hi^HH HacToamero H3o6peTeHH«, HanpHMep npHMepHo 2, 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 
55, 60, 65, 70, 75, 80, 85, 90, 95, 96 hjih 97 Mac.%. CyjiB^HpoBaHHBiH yrjiepoflHbiH MaTepnaji MO^ceT cocraB- 
jkitb npHMepHo 1-90 Mac.% KOMno3HUHH, HanpHMep npHMepHo 2, 5, 10, 12, 15, 17, 20, 22, 25, 27, 30, 32, 35, 
37, 40, 42, 45, 47, 50, 52, 55, 57, 60, 62, 65, 67, 70, 72, 75, 77, 80, 82, 85, 87 hjih 88 Mac.%. CyjiB$HpoBaHHBiH 
yrJiepoAHBiH MarepHaji MoaceT cocTaBJMTB npHMepHo 40-90 Mac.% KOMno3HUHH, HanpHMep npHMepHo 41, 44, 
46, 50, 51, 54, 56, 60, 61, 64, 66, 70, 71, 74, 76, 80, 81, 84, 86 hjih 89 Mac.%. CyjiB^npoBaHHBiH yrjiepoflHbiH 
MarepHaji Mo^ceT cocTaBJMTB npHMepHo 50-80 Mac.% KOMno3HUHH, HanpHMep npHMepHo 53, 54, 55, 57, 58, 60, 
63, 65, 67, 68, 70, 73, 75, 77, 78 hjih 79 Mac.% HacToaiuero H3o6peTeHHfl. 

CyjiB<|>HpoBaHHBiH yrjiepo/jHBiH MaTepnaji mo^kct 6bitb nojiyneH cnoco6oM, onHcaHHBiM HH^ce b pa3,aejie 
Cnoco6. 

HacTOHmee H3o6peTeHHe othochtc» k yrjiepoAHBiM MaTepnanaM c Mo/j;H(|)HnHpoBaHHOH noBepxHOCTBio, 
nojryneHHBiM cnoco6aMH, onncaHHBiMH HH^ce. YrjiepoAHBie MaTepnajiBi c MOOT^HUHposaHHOH noBepxHOCTBio 
HMeioT HeKOTOpBie yjiyqmeHHBie xapaicrepHCTHKH no cpaBHeHmo c yrjiepo^HBiMH MaTepnanaMH, noJiyneHKBiMH 
paHee b TexHrnce. 

B oahom BapnaHTe HacToamee H3o6peTeHHe othochtch k yrjiepo^HOMy MaTepHany c MOAH^HUHpoBaHHoii 
noBepxHOCTBio, co/jepacameMy MHOJKecTBo CBH3aHHBix c ero noBepxHOCTBro cyjiB^OHaTHBix 3aMecTHTejieH 06- 
men 4>opMyjiBi -SO3H. 

B ajiBTepHaTHBHOM BapnaHTe HacToamee H3o6peTeHHe OTHOCHTca k yrjiepoAHOMy MarepHajry c moah(^h- 
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unposaHHOH noBepxHOCTbio, coflep>KaineMy MHomecTBO cBjreaHHtix c ero noBepxHocrbio cyjib4>OHaTHbix 3a- 
MecTHTejieH o6meH <|>opMyjibi -S0 3 M, b mropon M npe^CTaBJiaeT co6oh KaraoHHbie Hacram»i, KaK onpejjejieHO 
b flaHHOM onHcaHHH, HanpHMep, 3mmohhh h menoHHBie MeTajuibi rpynnbi I, TaKHe KaK jihthh, HaTpHH hjih Ka- 

JIHH. 

B ajibTepHaTHBHOM BapnaHTC cTeneHB cyjib<j>HpoBaHH5i hjih najiwme cyjit^oHaTHtix 3 aMecTHTe jieH, no- 
BepxHO ctho-cbh3 aHHBix c yrjiepojiHbiM MaTepnajioM, Mo^ceT 6biti> onpe/jejieHa MeTOflOM XPS. CooTBeTCTBeHHO, 
HeKOToptie BapHaHTM cyjib(})HpoBaHHoro yrjiepo/moro MaTepnajia HacTO^mero H3o6peTeHHa npejrycMaTpHBaioT 
yrjiepo^HtiH MaTepHan c MO/XH<f)HirjKpoBaHHOH noBepxHOCTbio, KOToptifi HMeeT nosepxHOCTHyio aTOMHyio koh- 
ixeHTpauHio cepbi b cyjib(j)OHaTHbix 3aMecTHTejnrx, KaK oirpeAejieHO mctoaom XPS (c ncno Jib30B aHHeM npH6opa 
the Physical Electronics 5802 Multitechnique c hctohhhkom AlKcc-pemreHOBCKoro H3JiyHeHHfl), no MeHbineii 
Mepe npHMepHO 0,25* 0,30, 0,35, 0,5, 0,8, 1,0, 1,3, 1,5, 1,7, 1,8, 2,0, 3,0, 4,0, 4,5 hjih 5,0%. B npe#noHTHTejib- 
hom BapnaHTe noBepxHocraaa aTOMHas KOH^HTpairna cepbi HaxoAHTca b HHTepBane ot He MeHee npHMepHO 
0,25% &o npHMepHO 5,0%, hjih b HHTepsajie ot npHMepHO 0,30% #o npHMepHO 5,0%, hjih b HHTepBane ot 
npHMepHO 0,35% ro npHMepHO 5,0% othochtcjibho o6meH noBepxHOCTHOH aTOMHOH KOHneHTp au,HH yrjiepo^- 
Horo MaTepnajia c MOjjH<j>HnHpoBaHHOH noBepxHOCTbio. IlpH ocymecTBJieHHH c noAXOAfliUHMH yrjiepo#HbiM 
MaTepnajioM h peaKUHOHHbiMH ycjioBHHMH HacTOflinee H3o6peTeHHe, KpoMe Toro, o6ecneHHBaeT yrjiepo#HbiH 
MaTepnaji c MOAH^nnHpoBaHHOH noBepxHOCTbio, y KOToporo noBepxHOCTHaa aTOMHaa KOHi^eHTpanjiH cepbi 
npeBBimaeT BbiineyKa3aHHbie HHTepB ajn>i h 3Ha*ieHH5L Ilo3TOMy cTeneHb noBepxHOCTHOH MOAH4)HKanHH h H3- 
MepeHHaa noBepxHOcraaa aTOMHaa KOHii.eHTpaii.iM cepbi 6yjxyT 3aBHceTb, no MeHbineii Mepe, nacTHHHo ot 
roiomaflH nosepxHOCTH Hcnojn>3yeMoro Hcxo/rjaoro yrjieponiroro MaTepnajia. 

HanpHMep, Ha (|)Hr. 3, Ha KOTopoii npe^CTaBJieH nojryneHHbiH MeTOAOM XPS cneicrp noBepxHOCTHOH 
aTOMHOH KomjeHTpanHH KOMno3HUHH cyjii>(|)HpoBaHHOH yrjiepojjHOH caacH, nacTHnti cepbi, co,nep}KameHCH b 
cyjn>(t)OHaTHOM 3aMecTHTejie, npncyTCTByioT b KOJinnecTBe npHMepHO 1,5% othochtcjibho oSmeii noBepxHocT- 
hoh aTOMHOH KOHu.eHTpau.HH coejxHHeHHfl cyjib<})HpoBaHHOH yrjiepoAHOH caacH. ITpn cpaBHeHHH c <}>Hr. 2, Ha 
KOTopon npewTasjieH nojiyneHHbiH MeTOflOM XPS cneKTp noBepxHOCTHOH aTOMHOH KOHnempanHH coeflHHe- 
hhh yrjiepoOTOH caacn #0 cyjib(}>HpoBaHHH, T.e. 0,2%, bhaho, hto b co otb ctctbhh c oahhm BapnaHTOM nosepx- 
Hocraaa aTOMHaa KOHaeHTpanna noB epxHO ctho -cbh3 aHHbix MacTHU, cepbi y Be jihh HBaeTCst npH 750% ot npn- 
MepHO 0,2 ao npHMepHO 1,5%. 

KpoMe Toro, cneirnajibHaH ccbuiKa Ha <}>Hr. 5 noKa3i>iBaeT, hto npHMepHO 89% noBepxHocTHo-cBH3aHm»ix 
nacrau cepbi, onpejiejieHHbix Ha <})Hr. 3, npncyTCTByeT KaK KOMnoHenr noBepxHocTHo-cBA3aHHoro cyjib<})OHaT- 
Horo 3aMecTHTejifl. Ilo3TOMy yrjiepo^Haa ca»ca c MOjjHcJmuHpoBaHHOH nosepxHocTBio npHMepa 4 HMeeT no- 
BepXHOCTHyio aTOMHyio KOHueHTpaixnio cepbi, npncyTCTByiomeH b noBepxHocTHo-cBH3aHHBix cyjn>4>OHaTHBix 
3aMecTHTejwx npHMepHO 1,34%, T.e. 89% ot 1,5% noBepxHOCTHOH aTOMHOH KOHi^eHTpanHH Hacrmx cepbi, on- 
peAejieHHOH Ha 4>nr. 3 . 

Onpe^ejieHHe mcto^om XPS MoaceT 6biti> Hcnojib30BaHO rjul noKa3a CTeneHH MOAH(})HKanHH noBepxHO- 
cth onpe^ejieHHeM noBepxHOCTHOH aTOMHOH KOHiteHTpau,HH KHCJiopo^Hbix Hacrai^, noBepxHocTHO-CBJoaHHtix 
c yrjiepo^HBiM MaTepnajioM, ao h nocjie peaKUHH cyjib(|)HpoBaHHH. 

HanpHMep, npn cneuHajibHOM o6pameHHH CHOBa k 4>ht. 3 nosepxHOCTHaa aTOMHaa KOHixeHTpauHH kh- 
cjiopo,aa, npncyTCTByiomero b komho3huhh cyjit(})HpoBaHHoro yraepoaa npHMepa 4, cocTaBJiaeT npHMepHO 
8,3%. 3to cpaBHHMO c nanajibHOH KOHueHTpanHeH KHCJiopo^a 1,9% ao cyjit(J)HpoBaHHH, KaK noKa3aHO Ha 
4)ht. 2. 06pameHHe k 4>^r. 4 noKa3biBaeT, hto npHMepHO 61,8% noBepxHocTHO-cB«3aHHbix khcjiopoahbix nac- 
thu npncyTCTByeT KaK KOMnoHeHT noBepxHOCTHO-CBjraaHHbix cyjn>4>OHaTHi>ix 3aMecTHTejien. rio3TOMy yrjie- 
poflHan ca^ca c MOAH^HUHpoBaHHOH noBepxHOCTBK) npHMepa 4 HMeeT noBepxHOCTHyio aTOMHyio KOHneHTpa- 
^HK) KHCJiopo^a, npncyTCTByiomero b noBepxHOCTHO-CBH3aHHBix cyjib(|)OHaTHbxx 3aMecTHTejiax, npHMepHO 
5,13%, T.e. 61,8% ot 8,3% noBepxHOCTHOH aTOMHOH KOHi^eHTpai^HH KHCJiopoAHbix nacTHU, onpcueJieHHOH Ha 
4>Hr. 3. 

Onpe^ejieHHe mctoaom XPS MoaceT 6mti> Hcnojn>30BaHO jum noKa3a CTeneHH MOflH4)HKauHH noBepxHO- 
cth onpe/jejieHHeM noBepxHOCTHOH aTOMHOH KOHi^eHTparjCHn Bcero cyjib^OHaTHoro 3aMecTHTejM, HanpHMep, 
-SO3M, me M npeaeraBJiHeT co6oh BO^opoA hjih KaTHOHHbie nacTHnbi, KaK onpe^ejieHO b #aHHOM onHcaHHH. 
YrjiepoAHbie MaTepnanti c MO£H<})HnHpoBaHHOH noBepxHOCTbio HacToamero H3o6peTeHH«, npe ^noHTHTe jibho , 
HMeiOT noBepxHOCTHyio aTOMHyio KOHueHTpaunio cyjn><})OHaTHoro 3 aMecTHTe jui npn onpeAejieHHH mctojjom 
XPS b HHTepBane ot npHMepHO 0,25% ro npHMepHO 5,0%, BKjnoHaa 3HaneHHH no MeHbnieH Mepe npHMepHO 
0,5, 1,0, 1,5, 2,0, 2,5, 3,0, 3,5, 4,0 h 4,5%. 

KaK onncaHo BBime, yrjiepoAHtiM MaTepHajioM MonceT 6mtb jik>6oh yrjiepoAHbiH MaTepnaji, ocoGeHHO 
npn ycjioBHH, hto oh co^ep»cHT AOCTaTOMHO C-H KOHueBbix ynacTKOB, cnoco6HBix B3aHMOAeHCTBOBaTb c opra- 

HHHeCKHMH CyjIb^HTHblMH npOMe^CyTOHHblMH COeAHHeHHHMH B yCJIOBHHX, 3(J>4)eKTHBHbIX JXJIK nOJiyHeHH^ 

jiaeMoro yrjiepo^Horo MaTepnaJia c MOAH4>HnHpoBaHHOH nosepxHOCTbio. 

OraejibHbie npHMepw no ( axo < a«mHx yrjiepo^Hbix MaTepnajioB paccMOTpeHbi Bbime. 

CpeAH npeHMymecTB HacToamero H3o6peTeHHH yrjiepo^Hbie MaTepnanbi c mo ah<|) huhpob aHHo h noBepx- 
HOCTbio HacTonmero H3o6peTeHHa HMeiOT yjiynmeHHyio npoTOHHyio h 3JieKTpoHHyio npoBO^HMOCTb h boaohc- 
nojib30BaHHe npn npnMeHeHHH b TonJiHBHbix 3JieMenrax. 
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ripoBO^HmHH noJiHMep. 

KoMno3Hu;na MoaceT flonojiHHTejibHO coAep^caTb npoBOAHiUHH MaTepnan. npoBO£fliuHM MaTepnajioM mo- 
tkqt 6mti> jeo6oh npOBO/iflmHH MaTepHaji, KOTOpbift HBJDieTca 3(J>(|)eKTHBHbiM jxjix paccMaTpHsaeMbix nejien H30- 
6peTeHHH. B HacraocTH, npoBO/j#iiJHM MaTepnajioM MoaceT 6biti> npoBOAflmHH nojiHMep. npoBOAamHM nojiH- 
MepoM MoaceT 6bm> jiio6oh opraHHHecKHH nojiHMep, o6jia,aaioinHH 3JieicrpoHHOH npoBOAHMOCTbio, HanpHMep, 
CBjnaHHOH c pacnpocTpaHeHHbiMH conpa»ceHHi,iMH/4ejiOKajiH30BaHHbiMH MHO^cecTBeHHWMH cbh3hmh, h co/jep- 
acaiuHH Hepa3AejieHHi>ie napbi 3JieKrpoHOB, KaK oSycjioBJieHo HajiHHHeM reTepoaTOMOB. 

MoryT Hcnojib30BaTBCH, HanpHMep, nojraaHHJiHH, nojiHnHppoji, nojiHTHO<})eH, nojiH^/paH, no- 
jiH(napa<jpeHHJieHOKCHii), nojiH(napa(j>eHHjieHcyjib(j)H/i), 3aMemeHHbie npoBOAfluiHe nojiHMepbi hjih hx cmcch. B 
HacTHocra, npoBOA^mHH nojiHMep MoaceT BKjnonaTb nojraaHHJiHH, nojiHnHppoji, nojiH<})ypaH, noJiHTHO(f)eH hjih 
hx CMecH. CiwecH yKa3aHHbix nojiHMepoB MoryT BKJnonaTb (f>H3HHecKHe cMecn, a TaKace conojiHMepti MOHOMe- 
poB cooTBeTCTByiomHx nojiHMepoB. KaK Hcnojib30BaHO b ^aHHOM onncaHHH, ccbiJiKa Ha nojiHMep TaK>Ke oxBa- 
TbiBaeT conojiHMep. B h acTHOCTH, np oboahiuhh nojiHMep Mo^ceT co^epacaTb nojiHaHHJiHH hjih nojiHnHppoji. 

npoBoj^HiUHH nojiHMep MO^ceT 6bitb 5 HanpHMep, HaHeceH Ha, CMemaH c hjih npHBHT k noBepxHO cth Meji- 
KcancnepcHoro cyjib<f>HpoBaHHoro yrjiepojjHoro MaTepnajia. B cjiynae npHBHBKH nojiHMep MO^cex 6biTb npHBHT 
k cyjib^npoBaHHOMy ymepo/jHOMy MaTepnany TaKHM cnoco6oM, KaK OKHCjiHTejibHaa nojiHMepH3anH>i. 

Cnoco6 oKHCJiHTejibHOH nojiHMepH3aaHH onncaH HH»ce h b o^HOBpeMeHHo paccMaTpHBaeMBix 3a*BKax 
"YrjiepoAHbiH MaTepnaji c npHBHTbiM npoBOA^mHM nojiHMepoM juin npHMeHeHHH b TonjiHBHbix 3JieMeHTax" h 
"Cyjib^HpoBaHHtiH yrjiepo/iHBiH MaTepHaji c npHBHTbiM npoBOJxnmHM nojiHMepoM juvl npHMeHeHHa b toidihb- 
hbix ajieMeHTax", no^aHHbix 23 Maa 2003 r. 

np Hey tctb He nojiHMepoB b KOHeHHbH KOMno3HUHH MO^ceT 6biTb noOTBep^KAeHo pe3yjibTaTaMH XPS- 
aHajiH3a h Ha6jno/j;aeMbiMK 4>H3HHecKHMH cBOHCTBaMH (HanpHMep, B03MO>KHOCTbio npeccosaTb roieHKH H3 

KOMn03HHHH). 

CneuHajiHCT b /jaHHOH o6jiac™ MOHceT jieoco Bbi6paTb iipoBO/j^iijHH MaTepHaji (HanpHMep, npoBO/j^inHH 
nojiHMep) rim KOHKpeTHoro npnMeHeHHH. IIpoBOAHiUHe nojiHMepbi hbjdeeotch KOMMepnecKH /jocTynHbiMH h 
jierKo nojiynaeMbiMH cnennajiHCTaMH b jjaHHOH oGjiacTH. 

ripoBOAflmHH nojiHMep MoaceT coAep^caTb reTepoaTOMbi. reTepoaTOMaMH MoryT 6biTb, HanpHMep, N, S h 
O. KojimecTBO reTepoaTOMOB b Mac.% KOHenHoro nojiHMepa paBHO Mac.% b MOHOMepe (MOHOMepax), ncnojib- 
30BaHHOM zyra nojiHMepa (HanpHMep, 15% N /jjih aHHJiHHa/ nojiHaHHJiHHa h 21% N jjjra nHppona/nojiHirappojia). 
MecTo Haxoac/jeHHa reTepoaTOMOB b npoBojjameM nojiHMepe TaioKe 3aBHCHT ot cooTBeTCTByiomero MOHOMepa 

(MOHOMepOB). 

CneixnajiHCT b AaHHoix o6jiacTH MO^ceT JierKo Bbi6paTb, KaKHe reTepoaTOMbi aojihchbi Haxo/jHTbca b koh- 
KpeTHOM npoBo^an^eM nojiHMepe /jjih kohkp eTHO ro npHMeHeHHS . IIpoBOAJiiinie nojiHMepbi c reTepoaTOMaMH 
aBJimoTCfl KOMMepnecKH jjocTynHbiMH h JierKo nojrynaeMbiMH cnenjaajiHCTaMH b aaHHOH o6jiacTH. 

ripoBO^HntHH nojiHMep MO»ceT 6biTb HaHeceH Ha noBepxHOCTb cyjib(t)HpoBaHHoro yrjiepoAHoro MaTepna- 
jia, HanpHMep, npn .aocTaTOHHOM CMemeHHH cyjib(j>HpoBaHHoro yrjiepoAHoro MaTepnajia h npoBO^Hmero no- 
jiHMepa, HarpeToro b tot momcht, Kor,aa oh HaHocHTCH Ha yrJiepoAHMH MaTepHaji. 

npoBOAfluiHH nojiHMep, HanpHMep, c reTepoaTOMaMH, motkgt 6biTb npHBHT Ha yrjiepoAHyio noBepxHOCTb, 
HanpHMep, c yBejinneHHeM b pe3yjibTaTe ajieicrponpoBojiHOCTH cyjib^HposaHHoro yrJiepo/jHoro MaTepnana, h 
OHCKmaeTCH, hto cTa6 HJib ho CTb rnGpHAHoro MaTepnana (T.e. nojiHMep+cyjib^npoBaHHbiH yrjiepo/i) AOJi^cHa 
yjryHHiHTbCH. 

Cnoco6 npHBHBKH nojiHMepa TaiOKe CHH^caeT nopHCTOCTb cyjib^npoBaHHoro yrjiepo^a. CnocoG npHBHB- 
KH onncaH HH^ce h b ojiHOBpeMeHHO paccMaTpHBaeMbix 3a#BKax "YrjiepoAHbiH MaTepHaji c npHBHTbiM npoBo- 
Ahiuhm nojiHMepoM &jw npHMeHeHHH b TonjiHBHbix 3JieMeHTax" h " Cyjib^Hp ob aHHbiii yrJiepo^HbiH MaTepHaji c 
npHBHTbiM npoBo/jfliixHM nojiHMepoM iJjM npHMeHeHHH b TonjiHBHbix 3JieMeHTax", noAaHHbix 23 Man 2003 r. 

Cyjib(J)HpoBaHHbiH yrjiepoAHbiH MaTepnaji c npHBHTbiM npoBOAamHM nojiHMepoM, coaep^camHM reTepoa- 
tom, TaraEce noKa3bmaeT rHjxpo<i>HJibHbiH xaparrep h no3TOMy yjiynmaeT npouecc yBjia^cHeHHii npn Hcnojibso- 
BaHHH, HanpHMep, b to njiHB hwx 3JieMeHTax. KpoMe Toro, 6ojiee BbicoKaa npoBOAHMOCTb yKa3aHHbix nojiHMe- 
poB o6jiernaeT npouecc nepeHoca 3JieicrpoHOB. 

npOBOJX5nnHH nojiHMep MoaceT cocTaBJMTb npHMepHO 0 Mac.% h MeHee npHMepHO 100 Mac.% KOMno3H- 
uhh HacToamero H3o6peTeHHH, HanpHMep npHMepHO 1, 2, 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 
75, 80, 85, 90, 95, 96, 97, 98 hjih 99 Mac.%. npoBOjjaiitHH nojiHMep MoaceT co cTaB jihtb npHMepHO 1-50 Mac.%, 
HanpHMep 2, 5, 7, 10, 12, 15, 17, 20, 22, 25, 27, 30, 32, 35, 37, 40, 42, 45, 47, 48 hjih 49 Mac.%. npoBOJXHmHH 
nojiHMep MO^EceT cocraBJiflTb npHMepHO 20-50 Mac.%, HanpHMep npHMepHO 22, 24, 25, 30, 35, 40, 45, 47 hjih 
48 Mac.% KOMno3HUHH HacTo^mero H3o6peTeHHH. 

npHBHTOH npoBOAHiiiHH nojiHMep (HanpHMep, c reTepoaTOMaMH), npHBHTbiH Ha cyjib4>HpoBaHHbiH yrae- 
poAHbiH MaTepHaji, Be.neT ce6a pa3JiHHHo npn Hcnojib30BaHHH b Ka^ecTse hochtcjm KaTajiH3aTopa, neM yrne- 

pOAHblH MaTepHaji B OTAeJIbHOCTH HJIH npOBOOTmHH nOJIHMep B OTAeJIbHOCTH. 

HocHTejib KaTajiH3aTopa. 

KoMno3HH.HH HacTO^mero H3o6peTeHHH Mo»ceT Hcnojib30BaTbCK b KanecTBe hochtcjik KaTajiH3aTopa. Ho- 
cHrejib KaTajiH3aTopa HacTO^mero H3o6peTeHH^ coAep^KHT MejiKOAHcnepcHbiH cyjib4)HpoBaHHbiH yrJiepoAHbiM 
MaTepHaji. Cyjib(^HpoBaHHbiH yrjiepojiHbiH MaTepHaji onncaH Bbime. 
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HocHTejib KarajiireaTopa MoaceT flonojiHHTejibHO coflepacaTB npoBO/^iHHH MarepHaji (HanpHMep, npoBo- 
jjcsihhh nojiHMep, co/jepsKaiuHH reTepoaroMbi). IIpoBOAamHH MaTepHaji mokct 6biTb HaHeceH Ha MejiKOflnc- 
nepcHbiii cyjib^MpoBaHHbiM yrjiepoAHbiii MaTepnaji hjih npuBHT Ha MejiKOjjHcnepcHbiH cyjib<}>HpoBaHHbiH yrjie- 
po^HBiH MaTepnaji, o6pa3yn, TaKHM o6pa30M, Qjxnm>m MarepHaji. 

Cnoco6 nojiyneHHa HOCHTejia KaTajiH3aTopa oroicaH hh^cc 

ITpHMep 6 HKDKe noKa3BiBaeT yBejimeHHe npoTOHHOH h 3jieKTpoHHOH npoBO#HMOCTH hochtcjih KaTajiH3a- 
Topa HacToamero H3o6peTeHHij no cpaBHeHmo c Hecyjib(|>HpoBaHHLiM yrjiepo/joM. 
MeTajui/KaTajiH3aTop. 

KoMno3HmM Hacxoamero H3o6peTeHHs MoaceT tfonojiHHTejibHO coaepacarb MeTajui. MexajuioM Mo^ceT 
6biTB, HanpHMep, iuiaTHHa, HpHflHH, ocmhh, peHHH, pyTeHHH, poijhh, najuia^HH, Bana^HH, xpoM, hjih hx CMecb, 
hjih hx cnjias. B nacTHocTH, MeTamiOM MO^ceT 6bitb miaTHHa. 

KaK onpe/jejieHo Btime, MeTajuioM TaiOKe Moiyr 6biti> cmiaBbi h okch;h>i MeTajiJioB, 3({><})eKTHBHbie b Kane- 
cTBe KaTajiH3aTOpOB . 

}KejiaTejibHo, hto6h <J)opMa h/hjih pa3Mep HacTHn. MeTajijia o6ecneHHBajiH HacKOJibKO bo3MOHcho Bbico- 
Kyio iuiomaflfc noBepxHOCTH MeTajuia Ha cnHHHuy Maccbi. }KejiaTejibHo, hto6m pa3Mep MeTajuiHHecKHX nacTHH. 
6biJi KaK mohcho MeHbuie jjjih #ocTH5KeHira ^aimon uejiH. 06i>ihho b tcxhhkc MeTajuiHHecKHe HacTHHbi jxoxomr 
npH6jiH3HTejii>Ho #o 2-6 hm b nponecce Hcnojib30BaHHH b TOiuiHBHbix 3JieMeHTax 6jiaro#apfl cneKamno. Pa3Mep 
MeHee npHMepHO 2 hm Mo^ceT flarb jiyqmHe xapaKTepHCTHKH. ATOMHaa miaTHHa, HanpHMep, 6buia 6bi HAeajib- 
hoh h HatoeHHOH b rpynnax okojio 3 aTOMOB. 

KojiHHecTBOM MeTajijia MoaceT 6biTb jno6oe KOJimecTBO. KojinnecTBOM MeTajuia MOJKeT 6bitb 34>4>eKTHB- 
Hoe KaTajiHTHHecKoe kojihhcctbo. CneimajiHCT b aaHHOH o6jiacTH MoaceT onpe^ejiHTb kojihhcctbo, 3(})<|>eKTHB- 
Hoe w& acejiaeMOH xapaKTepHCTHKH. 

MeTajui MoaceT cocTaBjiHTb npHMepHO 2-80 Mac.% KOMno3HHHH, HanpHMep npHMepHO 3, 5, 7, 8, 10, 12, 
13, 15, 17, 20, 22, 25, 27, 30, 32, 35, 37, 40, 42, 45, 47, 50, 52, 55, 57, 60, 62, 65, 67, 70, 72, 75 hjih 78 Mac.%. 
MeTajui Mo»ceT cocTaBJiHTb npHMepHO 2-60 Mac.% KOMno3HUHH, HanpHMep npHMepHO 5,7, 10, 12, 15, 20, 25, 
30, 35, 40, 45, 50, 55 hjih 57 Mac.%. MeTajui MoaceT cocTaBJWTb npHMepHO 20-40 Mac.% KOMno3HHHH, HanpH- 
Mep npHMepHO 22, 25, 30, 35 hjih 38 Mac.%. MeTajui MoaceT 6tm> o/jHopoflHO pacnpe^ejieH Ha KOMno3HUHH, 
HanpHMep, Ha nosepxHOcra KOMno3HHHH hjih B/Ha npoBOJJtflmeM nojiHMepe komho3Hhhh. 

CneixHajincT b aaHHOH o6jiacTH MoaceT jierKo Bbi6paTb MeTajui jjjih Hcnojn>30BaHHH b KOMno3HHHH /uih na- 
CTHoro npHMeHeHHH . MeTajuibi hbjihiotch KOMMepnecKH AOCTynnuMH. 

KaTajiH3aTop Ha HOCHTejie/3JieKTpojj. 

BbimeyKa3aHHi>iH HocHTejib KaTajiH3aTopa mo5kct jjonojiHHTejibHO co/Jtep;acaTb MeTajui. YKa3aHHaa kohch- 
Haa KOMno3Hn.H5i MO^ceT 6biti» KaTajiH3aTOpOM Ha Hocnrejie (hjih 3JieKTpOAOM), KaK b toiijihbhom 3JieMeHTe. 

HocHTejib KaTajiH3aTopa h MeTajui onncaHbi Bbinie. MeTajui MO^fceT 6biTb ojjHopo^HO pacnpe^ejieH Ha 
h/hjih b HocHTejie KaTajiH3aTopa. 

KaTajiH3aTop Ha HocHTejie MoaceT 6biTb nojiyneH cnoco6aMH, onncaHHbiMH HH^ce. HanpHMep, KaTajiH3a- 
Top Ha HocHTejie MO»ceT 6biTb nojiyneH cyjib<j)HpoBaHHeM MejiKOAHcnepcHoro yrjiepo^Horo MaTepnana h 3aTeM 
MeTajuiH3auHeH MejiKOOTcnepcHoro cyjib(J)HpoBaHHoro yrjiepoAHoro MaTepnajia. AjibTepHaTHBHO , mcjikojjhc- 
nepcHbiH yrjiepojj,HbiH MaTepnaji Mo»ceT 6biTb MeTajuiH3HpoBaH, a 3aTeM cyjib4)HpoBaH. KpoMe Toro, npoBOA^- 
IU.HH nojiHMep MoaceT 6biTb o6pa30BaH h npHBHT k cyjib<|)HpoBaHHOMy yrjiepo^HOMy MarepHajiy (HanpHMep, 
yrjiepoAHOH ca^ce) OKHCJiHTejibHoii nojiHMepH3aimeH MOHOMepa npoBoanmero nojiHMepa b npHcyTCTBHH cyjib- 
4>HpoBaHHoro yrjiepo^Horo MaTepnajia h 3aTeM nocjie^oBaTejibHO MeTajuiH3HpoBaH (HanpHMep, miaTHHHpo- 
BaH). KpoMe Toro, eme npoBOj^uxHH nojiHMep MO^ceT 6biTb HaHeceH Ha yrjiepo^Hbin MaTepnaji, h KOMnd3HnHH 
3aTeM MeTajiJiH3HpOBaHa. 

KaTajiH3aTop Ha HocHTejie mohcct Hcnojib30BaTbca b pa3JiHHHbix npHMeHeHHax, TpeGyiomnx TaKoro KaTa- 
jiH3aTopa Ha Hocnrejie. Oj^hhm npHMepoM TaKoro npHMeHeHHH HBjmeTCH npHMeHeHHe b TonjiHBHOM 3JieMeHTe, 
b nacTHocTH, b KanecTBe 3JieKTpoAa TonjiHBHoro 3JieMeHTa. 

TaKHe 4>aKTopbi, KaK mioinajjb nosepxHOCTH h npoB ojj;hm o ctb KaTajiH3aTopa Ha HocHTejie, H3JiaBHa pac- 
cMaTpHBaioTca KaK sa^KHbie. OTHOcHTejibHo He6ojibinoH noHCK 6bui npoBe^eH jxo Hacroamero H3o6peTeHH» no 
noHHMaHHio pojiH h onTHMH3anHH nacTH yrjiepo,UHoro hochtcjih. 

B HacTOfliueM H3o6peTeHHH MejiKOJ^ncnepcHbiH cyjib4)HpoBaHHbiH yrjiepojjHbiH MaTepnaji (HanpHMep, yr- 
jiepoAHaa canca) cnoco6cTByeT o^Hopoj^HOMy ^HcneprHpoBaHHio MeTajuia, TaKOMy KaK npHKpenjieHHe MeTajuia 
k aTOMaM cepbi, npncyTCTByiomHM Ha ca^Ke. KpoMe Toro, npHKpenjiaiouxHe rpynnbi o6jiei^aK)T npe^oTBpame- 
HHe arjiOMepHpoBaHHH h cneKaniw iuiaTHHOBbix (Pt) Hacrau (hjih apyroro MeTajuia). 

CoBpeMeHHbiM cTaHjxapTOM b npoMbiiHJieHHOCTH KaTajiH3aTOpOB Ha yrjiepoaHOM HocHTejie b TonjiHBHbix 
3JieMeHTax hbjihiotch cepHH HiSPEC <|)HpMbi the Johnson Matthey, o6mhho coflepacaiUHe npHMepHO 10-40% 
hjih 10-60% njiaTHHbi. 

YCTpOHCTBO. 

flaHHoe H3o6peTeHHe BKjnonaeT pa3JiHHHbie ycTpoiicTBa. 
SjieKTpoji. 

3jieKTpojj, HacToamero H3o6peTeHHH onncaH Bbinie. 3jieKTpo^ H3o6peTeHHH MoaceT cjiyacHTb jih6o aHO- 
aoM, KaTO#OM, jih6o h TeM, h jjpyrHM. 
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MeM6paH03JieKTpo#Hi>ra y3eji (MEA). 

KoM6HHauHa aHOjj/MeM6paHa KaTO£ (3JieKTpo,zi/3JieKTpojiHT/3JieKTpozi) b toiijihbhom 3JieMeHTe HastiBaeT- 
ch MeM6paH03JieKrpoAHBiM y3JiOM (MEA). Pa3BHTHe MEA b PEM-ToruiHBHbix 3JieMeHTax npouuio HecKOJitKO 
noKOJieHHH. riepBOHaHajibHtie MeM6paH03JieKTpo;jHBie y3Jiti 6bijih pa3pa6oTam>i b 60-x roaax jouih kocmhhc- 
ckoh nporpaMMbi "fl^ceMHHH", HcnojiB»30BanH 4 Mr Pt/cM 2 njioiuEWH MeM6paHti h reHepnpoBajiH npHMepHO 
0,5A Ha Mr Pt. CoBpeMeHHan TexHOJiorHH BaptHpyeTCH b 3aBHCHMOCTH ot H3 roTO b HTe jih , ho 06m.ee cojjcepaca- 
Hue Pt CHHDKaeTca ot nepBOHaqaiiBHoro 4 Mr/ cm 2 no npHMepHO 0,5 Mr/cM 2 . JIaGopaTopHBie HccjiejjoBaHHH Te- 
nepi, Hcnojn>3yioT cojjepxcaHHe Pt 0, 1 5 Mr/ cm 2 , KOToptie cnoco6m>i reHepHpoBaTt npHMepHO 1 5 A/Mr Pt. 

KoHCTpyKUHH MeM6paH03JieKTpo.ziHoro y3Jia oTJinnaeTCH 3 Han HTe jibho , ho cjie/ryiomee hbjihctch ojihoh H3 
thithhhbix TexHOJiorHH. KaTanH3aTop Ha HOCHTejtfe/3JieKTpo£Hi>iH MaTepHaji CHanajia nojiynaiOT b jkhakoh 4>op- 
Me "KpacKH" TmaTejiBHtiM cMeineHHeM no^xo^HmMX kojikhcctb KaTanH3aTopa Ha Hocprrejie (noponiOK MeTajuia, 
HanpHMep, Pt, AHcneprHpoBaHHbiH Ha yraepo/je) h pacTBopa MeM6paHHoro MaTepnana (noHOMepa), pacTBopeH- 
Horo b pacTBopHTejie, HanpHMep cnHpTax. KaK tojibko "KpacKa" nojiynaeTCH, ee HaHocHT Ha noBepxHOCTb 
TBep^OH MeM6paHbi, HanpHMep, Nafion, phaom pa3JiHHm>ix cnoco6oB. CaMbifi npocTOH cnoco6 BKjnonaeT HaHe- 
ceHHe "KpacKH" KaTajiH3aTopa npnMo Ha cyxyio TBep/xyio hslctb MeMftpaHbi. Cjioh BJia^cHoro KaTajiraaTopa Ha 
HOCHTejie h MeM6paHy HarpeBaioT, noKa cjioh KaTajiH3aTopa He craHOB htch cyxHM. MeM6paHy 3aTeM nepeBo- 
paHHBaioT h npone/xypy noBTopnioT c jjpyroM cTopoHM. Cjioh KaTajiH3aTopa Ha HOCHTejie Haxo^TCH Tor.ua Ha 
o6enx ctopoHax MeMGpaHbi. Cyxon MeM6paH03JieKTpojjHbra y3eji 3aTeM noBTopHO rajjpaTHpyioT npn norpy^ce- 
hhh b pa36asjieHHi>iH KHCJiOTHbiH pacTBop, oftecneHHBan, TaKHM o6pa30M, Haxo»cjjeHHe MeM6paHbi b H + -<j)opMe, 
Heo6xojj;HMOH ajih pa6oTLi TomiHBHoro 3jieMeHTa. Kohchhoh cTa#neH hbjihctch TinaTejiBHoe cnojiacKHBaHHe 

AHCTHJUIHpOBaHHOH BOJ^OH. MeM6paH03JieKTpOAHBIH y3eJI TOTAa TOTOB JJJIH BBe/jeHHH B o6opy#OBaHHe TOnJIHB- 

Horo 3JieMeHTa. 

MeM6paH03JieKTpOAHBiH y3eji Mo^ceT hmctb o6nryio TOJimHHy, HanpHMep, okojio 200 mkm, h o6bihho re- 
HepHpyeT tok 6ojiee 0,5 A Ha Ka^K/jsiH KBajjpaTHtiH caHTHMeTp MeM6paH03JieKTpo/j(Horo y3Jia npH Hanpa>KeHHH 
Meaczry KaTO^OM h aHOflOM 0,7 B npn noMemeHHH b xoponio cKOHCTpynpoBaHHtie KOMnoHeHTM. 

KaTajiH3aTop Ha HOCHTejie/sjieicrpojj;. 

KaTanH3aTop Ha HOCHTejie/3JieKTpo# HacTonmero H3o6peTeHHH onncaH Btiine b pa3£ejie ,f KaTajiH3aTop Ha 
HocHTejie/3JieKTpo,fl:" . 

KaTajiH3aTop Ha HOCHTejiefojieicrpofl MoaceT 6i>iti> HaHeceH Ha MeM6pairy MEA, KOToptiH onncaH HHace. 
HanpHMep, KaTajiH3 aTop Ha HOCHTejie HacToamero H3o6peTeHHH mohcct 6bitb BBejjeH b pacTBopHTejib h "HaMa- 
3aH n Ha MeM6paHy. CnennajiHCT b jj;aHHOH oGjiacra JierKO onpejjejiHT cnocoGbi HaHeceHKH KaTajiH3aTopa Ha 
HOCHTejie Ha MeM6paHy. 

MeM6paHa nepeHoca/3JieKTpojiHT. 

PEM o6ecneMHBaeT nepeHOC Heo6xojjHMMx npoTOHOB ot aHO#a k KaTo,ay, HajjeacHo coxpaHHH npn 3TOM 
pa3,n;ejieHHe ra30B. 

TojimHHa MeM6paHi>i b MeM6paH03JieKTpo^HOM y3Jie Mo^ceT mchhtbch b 3aBHCHMOcra ot rana MeM6paHbi. 
ToJimHHa cjioh KaTajiH3aTopa Ha HOCHTejie 3asncHT ot KOJimecTBa MeTajuia, Hcnojit3yeMoro b Ka^OM 3JieK- 
Tpojj;e. HanpHMep, jjjih cjioh KaTajiH3aTopa na HOCHTejie, coj^ep»camero npHMepHO 0,15 Mr Pt/cM 2 , TOJimma 
cjioh KaTajiH3aTopa Ha HOCHTejie M05KeT 6biTi» 6jiH3Ka k 10 mkm. ToJimHHa cjioh KaTajiH3aTopa Ha Hocmejie mo- 
HceT 6biti», HanpHMep, npHMepHO 0,1-50 mkm, 6oJiee npejinoHTHTejibHo b npe^ejiax ot npHMepHO 20 ro npn- 
MepHo 30 MKM. 

ToJimHHa Bbime 50 mkm npHBO/orr k yBejimeHHio npo6jieM, CBH3aHHbix c MaccostiM nepeHocoM Ha 
ctojibko MHoro, hto6i»i 6biti» 3(j^(j)eKTHBHOH. ToJimHHa KaTajiH3aTopa Ha HOCHTejie Mo^ceT 6wti» onpe^ejieHa 
cneitnajiHCTOM b j^aHHOH o6jiacTH. 

MeM6paHOH MEA MoaceT 6biti, #H3JieKTpHHecKHH HOHonpoBOAHmHH MaTepHaji. ^CejiaTejibHO, hto6bi 
MeM6paHa 6buia j^ocTaTOHHo AOJiroBeHHoii, hto6bi BbiJj;ep»cHBaTb ycnoBHH pa6oTbi b TonjmBHOM 3JieMeHTe. 
noAxoAHman MeM6paHa Mo^ceT 6mti» onpe^ejieHa cneanajiHCTOM b aaHHOH o6jiacTH. 

MeM^paHOH MEA Mo»ceT 6bitb HOHOMep, oco6eHHo, nep<^Topcyjib(J)OHaTHbiH HOHOMep. B nacTHo cth, 
MeM6paHOH MoaceT 6biTb nojiHTeTpa4>Top3THJieHCOAep»camHH KaTHOHOo6MeHHbiH HOHOMep, TaKofi KaK Nafion 
(DuPont, yHJiMHHrroH, ,HejiaB3p; OaHeTBHJui, CeBepHan KapojiHHa). Nafion hbjihctch nep(|)opHpoBaHHi.iM no- 

JIHMepOM, KOTOpblH COWP3KHT He6oJIBIHHe nponopUHH CyJIb4>OHOBBIX HJIH Kap60KCHJIBHBIX HOHHBIX $yHKUHO- 

HajibHbix rpynn. Ero oGmyio xHMHHecKyio CTpyKTypy mohcho BH^eTB HH^ce, r^e X npeflCTaBJineT co6oh jih6o 
cyjib^OHOByio, jih6o Kap6oKcnjitHyio $yHKii;HOHajiBHyio rpynny, h M npe^CTaBJineT co6oil jih6o MeTajuiHne- 
ckhh KaraoH b HeHTpajibHOH 4>opMe, jih6o H + b khcjioh $opMe. 

? 

CFj 
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MEA coflepacHT aHoji, KaTO# h MeM6paHy. 

Aho^om MOJKeT 6biti> afieiopofl HacTonmero H3o6peTemifl. 3jieKTpofl flOJiaceH 6bm» 3JieKTponpoBo;j^iuHM, 
AocTaTOHHO nopHCTbiM, HTo6bi no3BOJiHTb peareHTaM OT(J)(J)yHAHpoBaTb k MeTajuiy, h cnoco6HbiM Hecra npo- 
TOHbi k MeM6paHe. KaTOflOM TaiGKe MoaceT 6biTb sjieiopo/j HacTonmero H3o6peTeHHH. 

Ha <j)Hr. 8 noKa3aHa <J>yHKixHOHajibHocTb MEA HacTOHinero H3o6peTeHHfl. 

ToiIJIHBHblH 3JieMeHT. 

ToiuiHBHbiii aneMeHT cojjepjKHT MEA, nHTaHHe TonjiHBa h nHTaHHe OKHCJiHTeji*. TonjiHBHbiH 3JieMeHT 
o6biHHO cojjep5KHT MEA, 3ainHTHbie cjioh, nojra TeHeHHa/TOKocbeMHHKH, nHTaHHe TonjiHsa h nHTaHHe okhcjih- 
TejM. 

MEA. 

MEA onncaH Bbiine. 
3amHTHbie cjioh. 

KoHCTpyKUHH TomiHBHoro 3JieMeHTa Mo^ceT co^ep^caTb 3anniTHbie cjioh. Cjiohmh o6bi*iHO ^bjmiotch 
o/hih, cjiejryiomHH 3a aHOAOM, h flpyroii, cjiejryioinHH 3a KaToaoM, h ohh BbinojmeHbi H3 nopHCTOH yrjiepo/jHOH 
6yMarn hjih yrjiepojmoH TKaHH. yKa3aHHbie cjioh BbinojmeHbi H3 MaTepnajia, KOTopbiH MoaceT npOBo/jHTb 
3JieKTpoHbi, BbixojxaniHe H3 anojja h Bxojj^mne b KaTOJi. 

3amHTHbie cjioh hbjihiotch KOMMepnecKH flocTyimbiMH hjih Moryr 6biTb nojiyneHbi cneiniajiHCTOM b jjaH- 
hoh o6jiacra. no/jxo/jjiinHe 3amHTHbie cjioh Moryr 6biTb Bbi6paHbi cnennajiHCTOM b /jaHHOH oGjiacra. 

IIOJDI TeHeHHa/TOKOCbeMHHKH. 

KoHCTpyKUHH TonjiHBHoro 3JieMeHTa MoaceT BicnoHaTb nojia TeneHHH h TOKOCbeMHHKH. HanpeccoBaHHOH 
Ha HapyacHyio CTopoHy KaHcaoro 3am,HTHoro cjioh MoaceT 6biTb AeTajib ko HCTpy kuhh, Ha3biBaeMaa 6HnojmpHOH 
njiacTHHOH, KOTopaa nacTo BbinojiH^eT jjsoHHyio pojib nojia TeneHHH h TOKocbeMHHKa. ITjiacTHHbi nacTo bm- 
nojiHHioTCH H3 JierKoro npoHHoro ra30HenpommaeMoro 3JieKTpoHonpoBOjj,5iiii,ero MaTepnajia; o6bFmo ncnojib- 
3yiOTCH njiacTHHbi H3 rpac[)HTa, MeTajuioB hjih KOMno3HTa. 

BHnojiapHbie njiacTHHbi MoryT o6ecnenHTb nojie TeneHHH ra3a, TaKoe KaK KaHajibi, BbinojiHeHHbie Mexa- 
HHHecKHM nyreM b njiacTHHe. KaHajibi HecyT peaKimoHHbiH ra3 ot tohkh, b kotopoh oh nociynaeT b toiijihb- 
HbiH 3JieMeHT, k TOHKe, b KOTopoft ra3 BbixoAHT. IIIa6jiOH, niHpHHa h rjiy6HHa HMeioT 6ojibinoe bjihhhhc Ha 3$- 
4>eKTHBHocTb pacnpeaejieHira ra30B paBHOMepHO no njiomaAH nosepxHOCTH MeM6paH03JieKTpo;iHoro y3Jia. IIo- 
jie TeneHH^ TaKace bjihact Ha no^any Bo/n>i k MeM6paHe h otbojj BOflbi ot KaTojja. 

EnnojinpHbie njiacTHHbi MoryT Taicace cjiyacHTb TOKOcbeMHHKaMH. 3jieKTpom>i, nojiyneHHbie npn OKHCJie- 
hhh Bo/jopo^bi, Moryr npoxo^HTb qepe3 aHOfl, *iepe3 3aiu.HTHbiH cjioh h nepe3 njiacTHHy nepefl TeM, KaK ohh 
Bbixo/mT H3 TonjiHBHoro 3JieMeHTa, npoxojjHT nepe3 BHemmoio neiib h CHOBa nocTynaioT b TomiHB hm h 3jieMeHT 
Ha KaTOAHyio njiacTHHy. 

riojM TeneHH^ h TOKOCbeMHHKH HBjnnoTCfl KOMMep^ecKH AOCTynHbiMH hjih MoryT 6biTb nojiyneHbi cne- 
UHajiHCTOM b flaHHOH o6jiacTH. IlojJXojianiHe nojiH TeneHHH h TOKOCbeMHHKH MoryT 6biTb Bbi6paHbi cneiniajiH- 

CTOM B J^aHHOH 06jiaCTH. 

YcTpoHCTBO h cnoco6bi HacToamero H3o6peTeHH« Hcnojib3yioTCH b nojiyneHHH h npHMeHeHHH tohjihb- 
m>ix 3JieMeHTOB. flpyrHe npHMeHeHHH MoryT BicjnonaTb 3JieKTpojibi h GnnojinpHbie njiacTHHbi (hjih TOKocbeM- 
Hbie njiacTHHbi) b 3Hepronpeo6pa3yiomHX ycTponcTBax (Taicnx KaK TonjiHBHbie 3JieMeHTbi, aKKyMyjiaTopbi hjih 
KOH^eHcaTopbi), Korjja coBpeMeHHbie MOjJH<J)HUHpoBaHHbie yrjiepo^Hbie npojxyKTbi Hcnojib3yioTCH b KOM6HHa- 
ixhh c jjqpyrHMH MaTepHajiaMH. 

Cnoco6. 

Cyjib(})HpoBaHHbiH yrjiepoAHbiii MaTepnaji. 

MejiKOjjHcnepcHbiH yrjiepojj,HbiH MaTepnaji onncaH Bbiine noj4po6HO b pa3^ejie M KoMno3HnHa". Cyjib<|)H- 
poBaHHbiH MejiKo^HcnepcHbiH yrjiepojiHbiH MaTepnaji onncaH Bbiine noApoGHO b pa3/j,ejie "KoMno3HHHH M . 

MejiKOAHcnepcHbiH yrjiepo^HbiH MaTepnaji cyjib(|)HpyiOT cnoco6oM, 3aKJiiOHaiomHMCH b cyjib4)HpoBaHHH 
MejiKOOTcnepcHoro yniepojmoro MaTepnajia. Cm., HanpHMep, o^HOBpeMeHHo paccMaTpnBaeMyio 3aaBKy ce- 
pHHHbiH JYs 10/229933, nojiaHHyio 28 aBrycTa 2002 r., npHBO,HHMyio b KanecTse ccmjikh oTHocnrejibHO onnca- 
hhh paccMOTpenHbix TaM cyjib<})HpoBaHHbix yrjnepojJiHbix KOMno3HUHH h cnoco6oB hx noJiyneHHH. MejiKOjiHc- 
nepcHbin yrjiepoMHbiH MaTepnaji MoaceT 6biTb cyjib^npoBaH npH B3aHMOjj;eHCTBHH MejiKOJincnepcHoro yrjie- 
pojiHoro MaTepnana c opraHHHecKHM cyjib4)HTHbiM npoMeacyTOHHbiM coe/jHHeHneM o6meii (j)opMyjibi 



so 3 H 



Cnoco6 MOHceT BiciioMaTb B3aHMoj-teHCTBHe aHTHjjpH^a o6nj,en 4>opMyjibi 




R R 

c cepHOH khcjiotoh b ycjiOBHHX, 34>4> eKTHBHI > IX AJiH nojiyneHHH oprariHHecKoro cyjib<J>HTHoro npoMeacyroMHoro 
coe^HHeHHa, KOTopoe 3aTeM B3aHMO^eHCTByeT c MejiKo^HcnepcHbiM yrjiepo^HbiM MaTepnajioM. 
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Ecjih HcejiaTejibHO, cnoco6 HacToamero H3o6peTeHHH MoaceT 6mti> ocymecTBJieH npn ojmoBpeMeHHOM 
B3aHMOAeHCTBHH MejiKoancnepcHoro yrjiepojxHoro MaTepnajia c MOflH^HHHpoBaHHoii noBepxHOCTBio c: (1) 
aHrnflpsmoM h (2) cepHOH khcjiotoh b o#hoh peaKUHH b ycjiOBHHX, 3^xJ)eKTHBHBix jxjvi nojiyneHHH opraHine- 
cKoro cyjib(j)HTHoro npOMeacyTOHHoro coeAHHeHHH b npncyTCTBHH MejiKOflHcnepCHoro yrnepOMHoro MaTepna- 
Jia. 

ITpMMepBI CXeM CyJIb(})HpOBaHHH H ^Ha30THpOBaHHH noKa3aHbi HH5KC 

CxeMa I 

Cyjib<^HpoBaHHe 
(R-CO) 2 0 + H 2 S0 4 R-COO-SO3H + R-COOH 



+ R-COO-SOjH 




SO3H 



R-COOH 



R=H, C { 'Cj 2 anKnn 




SO3H + NaN0 2 



CxeMa II 

^Ha30THpOBaHHe 




SO3H 





SO3H 



s / 



*S0 3 H + No! 



KaK yica3aHO Bkiuie, HacToamee H3o6peTeHHe othochtca k BBe^eHmo cyjii»$OHaTHi>ix npoH3BO,zmi,ix, ko- 
Toptie HBJDnoTca rHApo4)HJii>HBiMH <J)yHKixnoHajiE»Hi>iMn rpymiaMH, Ha noBepxHOCTB pa3JiHqHbix MejiKO#Hcnepc- 
hbix yrjiepo^HBix MaTep HanoB . flaHHoe H3o6peTeHHe npejyiaraeT cnoco6 nojiyneHHfl yrjiepoAHtix MaTepnajioB 

C MOflHC^HUHpOBaHHOH IIOBepXHOCTBIO. 

Cnoco6 MOHceT BKJiioHaTB B3aHMOAeHCTBHe aHrHjtpH.ua o6meH (j>opMyjrbi 

.(X 




R R 

c cepHOH khcjiotoh b ycjioBHux, 3$4>eKTHBHbix ajih nojiyHeraui opraHHHecKoro cyjn>{f>HTHoro npoMe^cyTOHHoro 
coeAHHeHHH o6meii <J>opMyjiM 

SO3H 




MHO»cecTBO C-H noBepxHOCTHtix ynacTKOB, npncyTCTByioiHHX Ha yrjiepoflHOM MaTepnajie c moot4)hu,h- 

pOBaHHOH nOBepXHOCTBIO, MOryT 3aTeM B3aHMO£eHCTBOBaTB C OpraHHHeCKHM cyjibcj) HTHBIM npoMe^yroHHMM 
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coe^HHeHHeM, nojiyneHHbiM Bbiiiie, b ycjioBHflx, 3(|)(i>eKTHBHbix jjjw nojiyneHHH yrjiepoAHoro MaTepnajia c mo- 
OT^HUHpoBaHHOH noBepxHOCTbio, HMeiomero MHoacecTBO cyjib(})OHaTHbix 3aMecTHTejien S0 3 H, nosepxHocTHO- 

CBH3aHHbIX C HHM. 

R HBJiHeTca ajiH^aTHHecKHM, npeOTOHTHTejibHO, Bi»i6paHHi>iM H3 Ci-Ci 2 ajiKHJibHi»ix 3aMecraTejieH. KpoMe 
Toro, aoji^cho 6i>iti» noiMTHO, hto yKa3aHm>ie ajiKKiibHBie 3aMecTHTeJiH MoryT 6biTb Hepa3BeTBJieHHbiMH hjih 
pa3BeTBJieHHMMH. no^xo^mHe npHMepti BKjnonaioT MeTHJi, STELA, nponnji, H3onponnfi, Gyraji, H3o6yTHJi, 
TpeT- 6"y thji h T.n. B npeanoHTHTejibHOM BapHaHTe R npe/jCTaBJifleT co6oh mcthjibheih 3aMecTHTejib, Tax hto 
aHTH/jpinxoM, Hcnojib3yeMbiM b cnoco6e, xbjixqtcz yKcycHbiH aHTHflpH/j. CnenHajiHCT b #aHHOH oGjiacra 3aMe- 
tht, hto TaKHe anrHapHAbi, HanpHMep yiccycHbiH aHTHApHA, hbjihiotch xopomo H3BecrabiMH h KOMMepnecKH 
AocTyiiHbiMH, h no3TOMy HeT Heo6xo#HMocTH hx oimcbisaTb no^poGHO. 

Ahthapha cjiyacHT He tojibko b KanecTBe peareirra jopia o6pa30BaHHH cyjii>4 )HTHoro npoMeacyTOHHoro co- 
eAHHeHHH, ho MO^ceT TaK^ce cjiy>KHTb b Ka^ecTBe cpe/jbi pacTBOpHTejis, b kotopoh hmcgt MecTO peaKUHH. IIo- 
3TOMy aHTHflpH/j, npe,zniOHTHTejibHO, npHcyTCTByeT b H36biTKe oTHOcnrejibHO MaccoBoro KOJimecTBa, KaK yr- 
jiepoAHoro MaTepnajia, TaK h khcjiotm. CneijHajiHCT b aaHHOH o6jiacra 3aMeTHT, *ito jno6oe H36biTOHHoe kojih- 
necTBO 6y^eT no,nxo£amHM ajih npoBeAemia acejiaeMOH peaKUHH, o^HaKO, b npeflnoHTHTejibHOM BapHaHTe Mac- 
coBoe OTHoineHHe aHrHApH/ja k yrjiepo/iHOMy MaTepnajry c o craB jineT 6ojiee npHMepHO 2:1. AHajiorHHHO, Mac- 
coBoe oTHonieHHe aHrHapMa k KHCjioTe cocTaBJi^eT, npeOTOHTHTejibHO, Gojiee npHMepHO 5:1. 

KaK yKa3aHO Bbime, npe^noHTHTejibHOH khcjiotoh jxjir Hcnojib30BaHHH b HacToameM H3o6peTeHHH jibjih- 
eTCH cepHaa KHCJioTa, cnoco6Haa B3anMO^eHCTBOBaTi> c nczxxojiHiUHM aHmapHflOM c o6pa30BaHHeM opraHHHe- 
cKoro cyjn>4)HTHoro npoMeacyTOHHoro coeaHHeHHH. CepHaa KHCJioTa, HMeiomaH ninpoKHH HHTepBaji KOHneH- 
TpauHH, MoaceT Hcnojib30BaTbca b cnoco6e. CneujaajiHCT b /jaHHOH oGjiacra 3aMeTHT, hto »cejiaeMaa KomcpeT- 
Haa KOHH.eHTpan.HH, b KOHenHOM cneTe, 6yneT 3aBHceTb ot KomcpeTHoro aHrnflpHfla h/hjih Hcnojib3yeMoro yr- 
jiepo,zmoro MaTepHajia. B npczmoHTHTejibHOM BapHaHTe cepHOH khcjiotoh HBJweTCH KOMMep^ecKH AocTynHaa 
cepHas KHCJioTa, HMeioman KOHueHTpaumo b HHTCpBane ot npHMepHO 90 ^o npHMepHO 99%, HanpHMep okojio 
91, 92, 93, 94, 95, 96 hjih 97%. B 6ojiee npe/nioHTHTejibHOM BapHaHTe KOHueHTpauHa cepHOH khcjiotm Haxo- 
jihtch b HHTepBajie ot npH6jiH3HTejn>HO 93 ao npHMepHO 97%, HanpHMep okojio 94, 94,5, 95, 95,5, 96 hjih 
96,5%. B Han6oJiee np e^noHTHTe jii»hom BapHaHTe cepHOH khcjiotoh HBjweTCH npHMepHO 95% KOHueHTpHpo- 
BaHHan cepHaa KHCJioTa. 

BapbnpyioHieeca KOJinqecTBO khcjiotbi no OTHonieHmo k aHrH^pHAy h/hjih yrjiepo^HOMy MaTepnany mo- 
tkot Hcnojii>30BaTi>CH b cnoco6e HacTO^mero H3o6peTeHra. B npe^noHTHTejibHOM BapnaHTe MaccoBoe oTHonie- 
HHe khcjiotm k aHTHApH^y cocTaBJweT, npeAnoHTHTejibHo, He Gojiee npHMepHO 1:5. AHajio rHHHO MaccoBoe 
OTHonieHHe KHCJiOTbi k yrjiepo^HOMy MaTepnajiy Haxo,UHTCfl, npe^noHTHTejibHo, b HHTepBajie ot npHMepHO 1 :2 
AO npHMepHO 1:3, BRjnoHaa TaKHe cooTHOHiemui, KaK npHMepHO 1:2,5. 

KaK yKa3aHO Bbinie, cnoco6 HacTo^mero H3o6peTeHHH MoaceT Hcnojib30BaTbcJi c pa^oM yrjiepoAHfcix Ma- 
TepHajioB. JIio6oh yrjiepoAHbifi MaTepnaji MoaceT Hcnojn>30BaTbCH npn ycjioBHH, hto HMeeTca jxo CTaTOHHO C-H 
KomxeBbix ynacTKOB, cnoco6m>ix B3 aHMO,ncHCTBOB aTB» c opraHHHecKHM cyjii»(f>HTHi.iM npoMe^cyTOHHbiM coe^H- 
HeHHeM b ycjioBHHX, 3$4>eKTHBHbix /uia co3AaHHA EcejiaeMoro yrjiepo^Horo MaTepnajia c mo ah4)hu,hp oBaHHoii 
noBepxHOCTbio. 

OTAejibHbie npHMepM noAXOOTHxnx yrjiepoAHbix MaTepnajioB onHcam>i Bbiuie. 

Ecjih acejiaTejibHO, yrjiepo^HBiH MaTepnaji c Mo.zxH^Hii.HpoBaHHOH noBepxHocrao, co^ep»camHH MHO^cecT- 
Bb noBepxHOCTHO-cBH3aHHBix cyjit(}>OHaTHi»ix 3aMecTHTejieH, HanpHMep, ocTaTKOB -S0 3 M hjih -SO3H, r^e M 
onpe^ejieH Btime, mohcct 6biTb npoMbiT AHCTHJUinpoBaHHOH bomoh, oT(})Hjn>TpoBaH h/hjih BbicyineH ajih toto, 
hto6bi nojiyHHTB, no cymecTBy, OHHiHeHHbiH h/hjih BMAejieHHtiH npo^yKT c MOAH^HunpoBaHHOH noBepxHo- 

CTbK). 

B ajibTepHaTHBHOM sapnaHTe opramiHecKoe cyjn»4>HTHoe npoMexcyTOHHoe coe^HHeHHe, KOTopoe B3aHMO- 
AeHCTByeT c yrjiepo^HbiM MaTepnajioM, mohcct 6bitb o6pa30BaHO Ha Meere, cnoco6, KaK onncaHo Btinie, MoaceT 
6biTb ocymiecTBJieH b eAHHCTBeHHOH peaKUHH. CooTBeTCTBeHHo, ecjiH ^cejiaTejibHO, cnocoG HacTOKnxero H30- 
6peTeHHa Mo^ceT 6biTb ocymecTBJieH OAHOBpeMeHHbiM B3aHMO,aeHCTBHeM yrjiepo^Horo MaTepnajia c moah^h- 
UHpoBaHHOH nosepxHocTbio c: (1) aHmnpHAOM, KaK onpeAejieHO Bbiuie; h (2) cepHOH khcjiotoh, KaK onpe#ejie- 
ho Bbiuie, b e^HHCTBeHHOH peaKHHH b ycjioBHHx, 34>(})eKTHBHbix AJM co3,uaHHH opraHHHecKoro cyjib(^HTHoro 
npoMe^cyTOHHoro coeAHHeHHH o6meH ^opMyjiw 




in situ, h, no cymecTBy, c co3jj;aHHeM yrjiepoAHoro MaTepnana c MOAH^HaHpoBaHHOH nosepxHOCTbio, co^ep- 
>Kamero MHO^cecTBO cyjib4>OHaTHbix 3aMecTHTejieii, HanpHMep, ocTaTKOB -SO3H, noBepxHocTHO-CB«3aHHbix c 

HHM. 

CneuHajiHCT b jjaHHOH o6jiacTH 3aMeTHT, hto onTHMajibHbie peaKUHOHHbie ycjioBHH jum o6pa30BaHHH Ha 
MecTe opraHHHecKoro cyjib4)HTa h nocjiejxyiomeH peaKUHH c yrjiepo^HbiM MaTepnajioM 6yjjyT, kohchho, oneHb 
3aBHceTb ot KOHKpeTHoro aHrHjj,pHAa, KpenocTH cepHOH khcjio™ h/hjih Bbi6paHHoro KOHKpeTHoro yrjiepoAHO- 
ro MaTepnajia c MO/m4>Hn,HpoBaHHOH noBepxHOCTbio. Onpe^ejieHHe TaKHx onTHMajibHbix ycjioBHH 6y^eT jienco 
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c^ejTaHO cneijHajracTOM b aaHHoii o6jiacra hjih b npoTHBHOM cjiynae MoaceT 6biTb nojiyneHO He 6ojiee, hqm py- 

THHHBIM 3KCnepHMeHTHpOBaHJieM. 

B npetfnoHTHTejibHOM BapnaHTe, b kotopom aHmzipHtfOM flBJiaeTCJi yiccycHbiH aHrH^pn^, h yrjiepo^HbiM 
MaTepHanoM HBJiaeTCH yrjiepo^Haa caaca, np e^niOHTHTe JibHbie peaKUHOHHbie ycjioBHa coflepacar HarpeBaHHe 
peareHTOB npn TeMnepaType b HirrepBajie ot npHMepHo 60 ao npHMepHo 80°C b TeneHHe He MeHee 2h.B eme 
6ojiee npeAnoHTHTejitHOM BapnaHTe peaKUHo HHbie KOMnoHembi HarpeBaioT npH TeMnepaType npHMepHo 70°C 
b TeneHHe He MeHee npHMepHo 2 PeaKHHfl MO^ceT 6biTb npoBeaeHa npH OKpy^caiomeM flaBJieHHH h mhhh- 
MajitHOH TeMnepaType, copa3MepHOH c npHeMjieMOH cicopocTbio peaKUHH, h Maicc HMajibHo h TeMnepaType, ko- 
r#a noirynaioTCH HeacejiaTejibHbie ypoBHH He>KejiaTejibHbix no6oHHbix npozryicroB. 

KpoMe Toro, cnoco6, coflepmaiuHH o6pa30BaHHe Ha MecTe opraHHHecieoro cyjib<})HTHoro npOMOKyroHHO- 
ro coe^HHeHHH h nocjieayiomee B3aHMOAeHCTBHe c yrjiepoAHbiM MaTep Hano m c co3AaHHeM yrjiepo/moro Mare- 
pnajia c Mo,HH(})HH,HpoBaHHOH noBepxHOCTJbio, MO^ceT AonojiHHTejitHO co^ep^caTb npoMbiBKy OTCTHJuinpoBaH- 
hoh bo#oh, 4>HJii»TpoBaHHe h/hjih cyiniey ^cejiaeMoro yraepoflHoro MarepHana c MO^H(|)HUHpoBaHHOH noBepx- 
hoctbio ajih Toro, hto6bi nojiyHHTB, no cymecTBy, OHHmeHHbiH h/hjih BbiaejieHHbiH npo;ryKT. 

Cnoco6bi, npHBe^eHHtie Bbinie, npeHMymecTBeHHO #aK>T >KejiaeMBie yniepoflHbie MarepHajibi c Mo/m<j)H- 

UHpOBaHHOH nOBepXHOCTBIO C OTHOCHTeJIbHO BblCOKHMH BblXOflaMH npH, no CymeCTBy, MHHHMH3aHHH nojiy^e- 

hhh HeacejiaTejibHBix OKHCJiHTejibHbix h cMOJioo6pa3HBix noSoqHbix npoztyKTOB, oobihho b cTp enaiomnxcH B 
TexHHKe, TaKHx KaK paccMOTpeHHbie b nareHTe CIUA jV° 3442679 (Rivin et al.)« 
npOBO^HlUHH nojiHMep. 

npoBo##iUHH nojiHMep Mo^ceT 6bitb HaHeceH Ha cyjib^HposaHHbiH yrjiepo^HbiH MaTepnaji, cMeniaH c 
cyjit<i>HpoBaHHi>iM yrjiepo^HBiM MaTepHanoM hjih npHBHT Ha yrjiepozmbiH MaTepnaji. 

IlpoBOAHmHH nojiHMep, coAep^camHH MOHOMep h jno6bie reTepoaTOMbi, onncaH Bbinie ncapooHo b pa3,a;e- 

Jie M K0Mn03HUHH M . 

npoBOAamHH nojiHMep Mo^ceT 6biTb HaHeceH Ha cyjib(|)HpoBaHHbiH yrjiepo/jHbiH MarepHaji pa3JiHHHbiMH 
cnoco6aMH, H3BecTHbiMH cneuHajiHCTy b ^aHHoM oGjiacra. 

IIpOBO^imHH nOJTHMep MOJKeT 6bITb CMeiliaH C CyJIb 4> Hp OB aHHbIM yrjiepO^HblM MaTepHaJIOM pa3JIHHHbIMH 

cnoco6aMH, H3 b ccthbim h cnennajiHCTy b AaHHOH o6jiacTH. 

np ob o^iii,hh nojiHMep MO^ceT 6biTb npHBHT Ha ymepo^HbiH MaTepnaji oKHCJiHTejibHOH nojiHMepH3aii;HeH 
cooTBeTCTsyromero MOHOMepa npoBOA^mero nojiHMepa b npncy tctb hh cyjib(|>HpoBaHHoro yrjiepo,zmoro MaTe- 
pHajia. Cm., HanpHMep, OAHOBpeMeHHO paccMaTpHBaeMbie 3aaBKH, 03arjiaBJieHHbie "YrjiepoAHbiH MaTepnaji c 
npHBHTbiM npoBOtfflmHM nojiHMepoM rjul npHMeHeHHfl b TonjiHBHbix 3JieMeHTax" h "Cyjib<j>HpoBaHHbiH yrcie- 
poAHbiH MaTepnan c npHBHTbiM npoBOAHiiniM nojiHMepoM jyw npHMeHeHra b TonnHB hhx 3JieMeHTax", no,aaH- 
Hbie 23 Maa 2003 r. 

BsefleHHe MeTajiJia/MeTajuiH3auHH. 

MeTajiJi MOHceT 6biTb BBe^eH b cyjib(|)HpoBaHHbiH yrjiepo^HbiH MaTepwan hjih b KOMno3Hin*K>, co,aep»ca- 
myio cyjib(()HpoBaHHbiH yrjiepo^Hbifi MaTepnan, nocjie ero nojiyHemra, Mexajui Mo^ceT 6biTb BBe^eH MeTajuiH- 
3auHeH. HanpHMep, ecjin MeTajuiOM HBjraeTca njiaTHHa, ojxvlh cnoco6 nnaTHHHpOBaHHSc onncaH HH^ce. 

AjibTepHaTHBHo, MeTajui MO»ceT 6biTb BBe^eH b yrjiepoAHbitt MaTepnaji ro cyjib4>HpoBaHHa MejiKO^HC- 
nepcHoro yrjiepo^Horo MarepHajia. 

C nei^HajiHCT b ^aHHoii oGjiacra cnoco6eH onpe^ejiHTb Bbi6op cnocoGa MeTajuiH3au,HH jsjm KomcpeTHoro 
np HMeHe hhh . Pa3JiHHHbie MeTajuiH3Hpyioiij,He arembi H3BecTHbi b jj^aHHOH o6jiacTH. YKasaHHbie MeTajuiH3H- 
pyiomHe areHTbi jierKO KOMMepnecKH AOCTynHbi h JierKO CHHTe3HpyiOTCH cnoco6aMH, H3BecTHbiMH cnenjtiajiH- 
CTy b jj;aHHOH o6jiacTH. 

KojiHHecTBo MeTajuiH3HpyK>mero areHTa JierKO onpe^ejmeTCfl cneanajiHCTOM b .aaHHOH o6jiacTH rjw *ce- 
jiaeMoro npHMeHeHKa. 
rijiaTHHHpoBaHHe. 

IIjiaTHHHpyBDmHH areHT MO^ceT 6biTb Hcnojib30BaH ajw BBe^eHHa njiaraHbi b cyjib^npoBaHHbiH yrjiepoA- 
HbiM MaTepnan (hjih Hecyjib^HpoBaHHbiH yrjiepo^HbiH Marepnaji hjih npoBOA»mnH nojiHMep ~ cyjib^HposaH- 
Hbift yrjiepo^HbiH MaTepnaji). Pa3JiHHHbie njiaTHHHpyioinHe areHTbi H3BecTHbi b ^aHHOH o6jiacTH. yKa3aHHbie 
njiaTHHHpyiomHe areHTbi hbjijiiotch JierKO KOMMepnecKH ^ocTynHbiMH hjih JierKO CHHTe3HpyioTca cnoco6aMH, 
H3BecTHbiMH cneiiHajiHCTy b tohhoh o6jiacTH. 

Bbi6op no.qxoAHmero njiaraHnpyiOHiero areHTa Jieneo onpeaeJweTCH cneitnajiHCTOM b AaHHofi oGjiacra 
OTa ^cejiaeMoro npHMeHeHHa. OSbihho, MoaceT Hcnojib30BaTbcs Bee, co^epxcaiuee acejiaeMbiii MeTaiui, HanpH- 
Mep, jno6aH cojib hjih opraHOTecKoe coe/(HHeHHe, co^ep^Kamee MeTajui. 

IlpHMepbi njiaTHHHpyiomHx areHTOB, KOTopbie Moryr Hcnojib30BaTbcn, BKJiiOHaioT njiaraHOBbie cojih: 
njiaTHHOXjiopHCTO-BO^opoAHyio KHCJioTy, HHTpaT njiaTHHbi, rajioreHH^bi miaTHHbi, HHaHKm njiaraHbi, cyjih^nji 
njiaTHHbi, njiaTHHOopraHHHecKHe cojih hjih hx KOMSHHaamo. 

KojimecTBo njiaraHnpyioHxero arenra JierKO onpe^ejDieTCH cneuHajiHCTOM b aaHHOH oGjiacra jsjm ace- 
JiaeMoro npHMeHeHHH. 

BoCCTaHOBHTeJIb. 

BoccTaHOBHTejib MO^ceT 6biTb Hcnojib30saH rjw BoccTaHOBjieHHH MeTajuia MeTajuinnecKOH $opMbi. 

Pa3JIHHHbie BOCCTaHOBHTeJIH H3BeCTHbI B AaHHOH oGjiaCTH. yKa3aHHbie BOCCTaHOBHTejIH HBJIHIOTCK JierKO KOM- 
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MepnecKH #ocTynHMMH hjih JierKO cHHTe3HpyioTCfl cnoco6aMH, H3BecTHbiMH cneunajiHCTy b flaHHofi oSjiacra. 

KojiimecTBO BOCCTaHOBHTejM jjjih coBpeMeHHoro cnoco6a Haxo^HTca Bcer^a b H36brnce k cTexnoMeTpH- 
necKOMy. 

Bw6op nozpco^amero njiaraHHpyiomero areHTa JierKO onpeaejDieTCfl cneimajiHCTOM b flaHHoii o6jiacra 
/nra 5KejiaeMoro npHMeHeHHH. 

TlpHMepbi BoccTaHOBHTejieii, KOToptie MoryT Hcnojib30BaTbca, BKJiiOHaiOT (^opMaJibaerHfl, MypaBbHHyio 

KHCJIOTy, 6oprHApH,a HaTpHH, BOJJOpOA, rH#pa3HH, mnpOKCHJiaMHH HJIH KOM6HHaH,HIO BOCCTaHOBHTeJieH. 

ripHMepi»i. 

GneflyiomHe npHMepti npHBe^eHfci c tqm, htoGbi o6ecneHHTb cneunajiHCTOB b aaHHOH oftjiacra nojim>iM 

paCKpBITHCM H OnHCaHHeM, KaK COeAHHeHHfl, KOMn03HUHH, H3^eJIHH, yCTpOHCTBa h/hJIH cn0C06bI, 3a5IBJieHHI>ie B 

AaHHOM onHcaHHH, nojiynaioT h oueHHBaioT, h ohh npejxHa3Ha*ieHbi tojibko jura HJijnocTpanHH H3o6peTeHHH h 
He npe^Ha3HaHeHBi orpaHHHHBaTb o6beM Toro, hto aBTopti paccMaTpHBaioT KaK CBoe H3o6peTeHHe. Bmjih c#e- 
jiaHbi ycHJiHH b o6ecneneHHH tohhocth b oTHonieHHH raceji (HanpHMep, KOJinnecTBa, TeMnepaTypa h t.#.), ho 
HeKOTopbie ohih6kh h oTKJioHeHHH aojiacHBi 6mtb o6i>hchhmi>i. Ecjih He yKa3aHO HHoe, nacra hbjihiotch nacTfl- 
mh no Macce, TeMnepaTypa yKa3aHa b °C hjih JiBjraeTCJi TeMneparypoH OKpy^aiomeH cpejxbi, AaBJieHHe naxo- 

AHTCfl npH HJIH OKOJIO aTMOC^epHOTO. 

IIpHMep 1. 

IlpHMoe eyjit»4>HpoBaHHe yrjiepoAHOH ca>KH. 

flaHHBiH npHMep hjijiioctp Hpy eT npHMoe cyjib(j>HpoBaHHe yrjiepoflHOH ca)KH c Hcnojn>30BaHHeM KomjeH- 

TpHpOBaHHOH CepHOH KHCJIOTM C ajIH^aTHHCCKHM aHTH^pH^OM . 

CepHaa KHCJioTa B3aHMo#eHCTByeT c aHTH,zjpH#OM c o6pa30BaHHeM opraHiraecKoro cyjib<i>HTa, npoMe^cy- 
TOHHoro coe^HHeHHH, h no3TOMy cyjib4>HpyeT noBepxHocTb yrJiepoaHOH caacn, KaK noKa3aHO Ha cxeMe I. 
MeTOAHKa 3 aicjiioH aeTCH b cjie^yiomeM. 

20 r noponiKa yrjiepojiHOH ca^KH CDX-975 (NSA njioma,zn> noBepxHOcra 240 M 2 /r h a6cop6uHH Macjia 
170 mji/100 r) (Columbian Chemical Company, ATJiama, fl^opflacna) 3arpy3KaiOT b KOJi6y, coflep^anryio CMecb 
10 mji KOHneHTpHpoBaHHOH cepHOH KHCjioTbi (95,7%) h 200 mji yKcycHoro aHrHApHAa (Aldrich), npn nepeMe- 

HIHBaHHH. 



"THnHHHtie' 1 cBOHCTBa yrJiepo^HOH caacH CDX-975 



Cbomctbo 


3HayeHMe 


CpenHMM pa3Mep qacTMU (hm) 
ASTM D384 9 


21 


NSA miomajab noBepxHOCTM (M z /r) 
ASTM D4820 


242 


STSA njioma^b noBepxHOCTH (M 2 /r) 
ASTM D5816 


130 


DBPA a<5cppOuna Ma ana (cm 3 / 100 r) 

UlapMKM 
ASTM D2414 


169 


DBPA a6cop6uwfl Macjia {cm 3 / 100 r) 

nopoujoK 

ASTM D2414 




JleTyvtwe, % 


1/0 


MHfleKC MepHOTbi 


112 


npOHHOCTb OKpaUIHBaHMH 

ASTM D3265 I 


87 



PeaKUHOHHyio CMecb HarpeBaioT npn TeMnepaType npHMepHo 70°C b TeneHHe 4 h. CMecb oxjiaacnaiOT h 

4>HJIbTpyiOT npH npOMHBaHHH fleHOHH3HpOBaHHOH (DI) BOflOH. 

Yrjiepo^HbiH ocTaTOK Ha <})HJibTpe cymaT npn 110°C b TeneHHe 4 m h H3MejibnaioT. IlojiyHeHHbiH yrjie- 
pojXHbiH nopomoK co/tep»cHT cyjib<j)OKHCJioTHi>ie rpynnti -S0 3 H, npHcoeflHHeHHbie k noB epxHo cth yraepoiXHOH 
caacH. 

IIpHMep 2. 

3aMemeHHe cyjib<{)OHOBbix rpynn Ha yrjiepojiHOH ca^ce. 

flaHHbiH npHMep HJunocTpHpyeT 3aMemeHHe rpynn 6eH30Jicyjib(J)OKHCJiOTbi Ha yrjiepo^HOH caxce npn hc- 

nOJIb30BaHHH CyJIb(J)aHHJIOBOH KHCJIOTBI H HHTpHTa HaipH^l B npHCyTCTBHH MHHepaJIbHOH KHCJIOTbl. 

PeaKUHa ^HasoTHpoBaHH^ noKa3ana Ha cxeMe II. 
MeTO^HKa 3aKJiK>HaeTc;i b cjie^yiomeM: 

10 r napacyjib^aHHJiOBOH khcjiotm (Aldrich) pacTBopmoT b 200 mji ropsraeH bo^w (npHMepHo 80°C). 

20 r noponiKa yrjiepo^HOH caxcn CDX-975 (NSA ihioiiwh* noBepxHOCTH 240 M 2 /r h a6cop6nHH Macjia 
170 mji/100 r) (Columbian Chemical Company, ATJianra, fl^copz^KHa) ,no6aBJiHK)T k BbiuieyKa3aHHOMy pacTBo- 
py npn nocTOHHHOM nepeMeniHBaHHH c nocjie^yionxHM ^o6aBJieHHeM 5 mji KOHueHrpHpoBaHHOH a30THOH kh- 
cjiotm. 

PacTBop, co/jepaeainHH 5 r NaN0 2 b 25 mji #eHOHH3HpOBaHHOH BO^bi, Ao6aBJiHK>T k cycneH3HH yrjiepo^- 



- 18- 



009587 



hoh ca>KH. CycneH3mo yrjiepojjHOH ca»cH nepeMeniHBaioT npn no/mepacaHHH TeMnepaTypbi npuMepHo 70°C jxo 
npeKpameHKH BbiAejieHHa ny3bipbKOB h oxjiaacjiaiOT ,no KOMHaTHOH TeMnepaTypbi. 

CycneH3mo yrjiepo^HOH ca>KH (J) HJibTpyioT, npoMbraaioT £eHOHH3HpoBaHHOH boaoh, cyinaT npH 110°C b 
TeneHHe 4 h h H3MejibHaioT. nojryneHHbiH yrjiepoflHbiH nopomoK co;j;ep>KHT rpynnbi 6eH30Jicyjib<{)aHHJiOBOH 
khcjiotbi (-C 6 H 5 -S0 3 H), npHCoeAHHeHHBie k noBepxHOCTH yrjiepoflHoii caacH. 

IIpHMep 3. 

rijiaTHHHpOBaHHe cyjib4>HpoBaHHOH yrjiepo/jHOH caacH. 

JXauHhiK npHMep HJiJiiocTpHpyeT iuiaTHHHpoBaHHe cyjn><j)HpoBaHHOH yrjiepoAHOH ca>KH c Hcnojib30BanH- 
eM ruiaTHHOxjiopHCTo-BOAopoAHOH khcjiotbi h <|>opMajib;ierHjia. 

4 r cyjib^HpoBaHHOH yrjiepo/jHOH ca>KH (nojryneHHOH b npHMepe 1) AHcneprnpyiOT b 300 mji fleHOHH3H- 

pOBaHHOH BOflbl. 

200 mji 1% pacTBopa njiaTHHOxjiopHCTO-Boaopo/nioH khcjiotbi Ao6aBJiKK>T no KaiuiHM b TeneHHe nepno^a 
BpeMeHH 1 h npn HenpepbiBHOM nepeMeuiHBaHHH. pH cycneH3HH aobo^ht ro 8-1 1, HcnoJib3y5i 1M pacTBop 6h- 
Kap6oHaTa HaTpHH. 

200 mji 3% pacTBopa 4)opMajib£erHfla w 6aBjraoT b TeneHHe nepnojia BpeMeHH 1 h h TeMnepaTypy nojx- 
tfepacHBaiOT npn 70°C b TeneHHe 1 h. 

CycneH3Hio oxjiaac/jaioT no KOMHaTHOH TeMnepaTypbi h <j)HJibTpyiOT npn npoMbiBaHHH AeHOHH3HpoBaH- 
hoh bo/j;oh. yrjiepo^HBiH ocTaTOK Ha (J)HJiBTpe cymaT npn 1 1 0°C b TeneHHe 4 h h H3MejiBHaiOT. nojryHeHHBiH 
KaTajiH3 aTOp co/j;ep>KHT «20% njiaTHHbi c cyjib(|>orpynnaMH -S0 3 H, npHCoe/jHHeHHbiMH k noB epxHO cth yrjie- 
POahoh ca>KH. 

IIpHMep 4. 

IIpaMoe cyjn>({)HpoBaHHe KaTajiH3aTopa. 

flaHHbiH npHMep HJiJiiocTpHpyeT npaMoe cyjib(})HpoBaHHe KaTanH3aTopa c Hcnojib30BaHHeM KOHneHTpH- 

pOBaHHOH CepHOH KHCJIOTBI C aJIHCjmTHHeCKHM aHTHflpHAOM. 

5 r noponiKa KaTajiH3aTopa (20% miaTHHti Ha HocHTejie-yrjiepoflHOH caace c njiomaabio noBepxHOCTH 
240 M 2 /r h a6cop6nneH Macjia 170 mji/100 r) sarpyacaioT b KOJi6y, C0Aep5Kauryio 50 mji yKcycHoro aHTH/jpHAa 
npn HenpepbiBHOM nepeMeniHBaHHH. 

5 mji ko Hiie HrpHpoB aHHOH cepHOH khcjiotbi (95,7%) ^o6aBJDnoT k cycneH3HH. 

PeaKiiHOHHyio cMecb HarpeBaioT npH TeMnepaiype npuMepHo 70°C, oxjiaac/jaiOT h 4>HJibTpyK>T npn npo- 

MblBaHHH JieHOHH3HpOBaHHOH BOJJOH. OcTaTOK Ha (}>HJIbTpe CyniaT npH 1 10°C B TeHeHHe 4 H H H3MeJIbHaK>T. 

OojiyHeHHbiH nopomoK KaTajiH3aTopa HMeeT rpynnbi cyjib<|>aHHJioBOH khcjiotbi -S0 3 H, npHcoeflHHeHHbie 
k noBepxHOCTH yrjiepoAHOH ca>KH. 
IIpHMep 5. 

3aMemeHHe rpynn 6eH30Jicyjib$OKHCJiOTbi Ha KaTajiH3aTope. 

flaHHbiH npHMep onncbiBaeT 3aMemeHHe rpynn 6eH30Jicyjib<i>OKHCJiOTbi Ha KaTajiH3aTope npn Hcnojib30- 

BaHHH CyJIb4>aHHJIOBOH KHCJIOTBI H HHTpHTa HaTpHH B npHCyTCTBHH CepHOH KHCJIOTBI. 

1 r napacyjib(f>aHHJioBOH khcjiotbi pacTBopaiOT b 50 mji ropanen bo/jbi (~70°C). 5 r noponiKa KaTajiH3 aTO- 
pa (20% njiaTHHBi Ha HOCHTejie-yrjiepo/jHaa caxca c mioma^Bio noBepxHOCTH 240 M 2 /r h a6cop6uHeH Macjia 
170 mji/ 100 r) Ao6aBJiHK)T k BBinieyKa3aHHOMy pacTBopy npn nocTOHHHOM nepeMeuiHBaHHH c nocjieflyroiiiHM 
j^o 6aB Jie HHeM 1 mji KOHuempHpoBaHHOH cepHOH khcjiotbi. 

PacTBop, co/jepacaiUHH 0,7 r NaN0 2 b 15 mji flenoHHSHpoBaHHOH bo/jbi, jj[o6aBJunoT k cycneH3HH. CycneH- 
3HK) nepeMeniHBaioT, noAAepacHBaa TeMnepaTypy npHMepHo 70°C xo npeKpameHHH BBiAejieHHH ny3BipBKOB, h 
oxjia^KAaioT no KOMHaTHOH TeMnepaTypbi. 

CycneH3HK> yrjiepojiHOH ca»cn ^HJibTpyioT, npoMbmaiOT AeHOHH3HpoBaHHOH bo/joh, cyinaT npn 110°C b 
TeneHHe 4 h h H3MejiBHaiOT. IlojiyqeHHbiH yrjiepo^HbiH nopomoK cojJtep^cHT rpynnbi 6eH3oncyjib(j)aHHJiOBOH 
khcjiotbi (CB-C 6 H 5 -S0 3 H), npHcoeAHHeHHBie k noB epxHO cth yrjiepojiHOH caacn. 

IIpHMep 6. 

CpaBHHTeJIBHbie H3MepeHHH 3JieKTpOHHOH npOBOAHMOCTH. 

3jieKTpoHHyio npoBOjiHMOCTb H3MepniOT Ha npeccoBaHHbix Ta6jieTKax MaTepnajia yrjiepoAHOH caacn c 
hc no Jib30BaHHeM HeTBipex30H/i:oBoro pe3HCTHBHMeTpa (Loresta AP Resistivity, MCP400, Mitsubishi Petro- 
chemical Company, Tokho, ^noHHn). HcnojiB3yioT ASTM D257. 

Ta6jieTKH MaTepnajia yrjiepoAHOH caacn BKjno^aiOT HecyjiB^HpoBaHHyio yrjiepoAHyio ca»cy CDX-975 h 
cyjib(|)HpoBaHHyK> yrjiepo/iHyio caacy CDX-975 H3 npHMepa 4 Bbinie. Kaac/jyio yrjiepoAHyio caacy coeAHHHJiH c 
Nation jjjifl Toro, ^to6bi c4)opMOBaTb TaGjieTKH. 

H3MepeHH3 npoTOHHOH npoBO^HMocTH 6bijih c^ejiaHbi Ha ocHOBe MeTOAHKH, pa3pa6oTaHHOH by Saab et 
al. (Saab et al., J. ElectroChem. Soc. 150, A214 (2003) h Saab et al., J. ElectroChem. Soc. 149, A1514 (2002)). 
ToHKHe njiemcH Kaacjioro MaTepnajia HaHOCHJiH na no jiHKapSo HaTHyio nojjjioacKy. Tohkvio njieHKy Nafion (3K- 
BHBane hthbi h sec 1 100) 3aTeM npHKpenjiiuiH k nojjjioacKe cmc3kho c MaTepnajioM, KomaKTHpyH c KpaeM MaTe- 
pHajia. H3MepeHHH HMnejjaHca npoBOAHJiH c ncno jib3 ob aHHeM npH6opa Solartron 1255B Frequency Response 
Analyser, coe^HHeHHoro c Solartron 1287 Electrochemical Interface. 06pa3ni>i cMemHsajin c Nafion juih toto, 
hto6m nojryHHTb 3HaneHHH npoBOflHMocTH, t.k. yrjiepoiiHbie Hacranbi b oraejibHOCTH He o6ecne^HBajiH AOCTa- 

TOHHyK) npOTOHHVK) npOBO^HMOCTb JJJM MeTO^HKH H3MepeHHH. 
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B cjiejiyiomeH Ta6ji. 1 noKa3aHa cpaBHHTejibHaa 3JieiapoHHaH h npoTOHHaa npoBOflHMOCTt MaTepnajiOB, 
nepeHHCJieHHtix Bbime. 



Ta6jiHua 1 



3jieKTpOHHafl H npOTOHHafl npOBO/XHMOCTB 





OnwcaHwe o5pa3Ua 


3jieKTpoHHan 

npOBO^MMOCTb 

Cm/ cm 


npoTOHHan 

npOBO^HMOCTb 

Cm/cm 


1 


CDX-975 


*2, 9xl0 _1 




2 


CDX-975-S03H 




*1, 6xl0 _A 



* 1 0 Mac.%. Nafion BBejjeHO b KanecTBe csjreyiomero 

Bo BceM onHcaHHH AaHHoro H3o6peTeHHa npHBeaeHBi pa3JiHqm>ie ny6jiHKanHH. Co,aep»caHHe yKa3aHHBix 
ny6jiHKanHH bo Been hx nojiHOTe npHBe/jeHO b Ka^ecTBe ccbijikh b aaHHOM H3o6peTeHHH jsji% Toro, hto6bi 60- 
jiee nojiHO onncaTt coctohhhc aaHHOH o6jiacra, k KOTopofi othochtcs Raxmoe H3o6peTeHHe. 

TXjih cneunajiHCTOB b jjaHHOii oGjiacra 6y,n;eT OHeBH/jno, hto pasjiHHHtie MO/XH(|)HKanHH h BapnanHH Moryx 
6bitb c#ejiam>i b HacToameM H3o6p eTeHHH 6e3 OTCTymieHHH ot o6i.eMa h cyra H3o6peTeHHH. JSpyme BapnaHTBi 
aaHHoro H3o6peTeHHH 6y;xyT ohcbh^hbimh zuw cnennaJiHCTOB b flaHHoii oGjiacra H3 paccMOTpemra onncaHiw h 
ocymecTBJieHHa H3o6peTeHH5i, pacKptiToro b ^aHHOM onHcaHHH. 3to 03HanaeT, hto onncaHHe h npHMepti zb- 
juhotch tojibko hji jik> CTp aTHBHtiMH, npnneM hcthhhbih o6i>eM h cyTb H3o6peTeHHH yiea3aHBi b cjie/jyioiHeH 
4>opMyjie M3o6peTeHHH. 

OOPMYJIA H30EPETEHHH 

1. ITpeo6pa3yK>mee 3Heprmo ycrpoHCTBO, BKjnonaiomee sjieicrpojiHT, 3JieKTpo,m>i h/hjih 6nnojiHpHyK) 
iuiacTHHy, me sjieicrpo/j; h/hjih 6HnojrapHaH iuiacTHHa BBinojiHem>i H3 MaTepnajia, cotfepacamero mcjikoahc- 
nepcHbiH cyjn>4)HpoBaHHBiH yrjiepo/iHBiH MaTepHaji. 

2. YcTpoHCTBO no n.l, me yrjiepoMHtra MaTepnaji coflep^KHT yrJiepoAHyio ca^cy. 

3. YcTpoHCTBO no n.l, me yrjiepojjHBiH MaTepHaji co^epacHT rpa(J>HT, HaHoyraepoA, 4>yJiJiepeH, <})yjiJiepe- 
hobbih MaTepnaji, MejiKOOTcnepcHbitt yrjiepo^ hjth hx civiecB. 

4. YcTpoHCTBO no n.l, me cyjiB^HpoBaHHbiH yrjiepo^HBiH MaTepnaji coflepacHT MHoacecTBO cyjn>(|)OHaT- 
hbix 3aMecTHTejieH o6meH ^opMyjiBi -SO3M, noBepxHocrao cBH3aHm>ix c hhm, r^e M npeacTasjiaeT co6oh bo- 
flopo/i hjih KaTHOHHBie HacTHin>i, h b KOTopoM nosepxHOCTHaH aTOMHaa KOHueHTpauHH cepti, npncyTCTByiomeH 
b noBepxHOCTHO CBH3aHHBix -S0 3 M-ocTaTKax, H3MepeHHaa MeTO^OM XPS, cocTaBJDieT GoJiee hjih paBHO 0,25% 
OTHOCHTejibHO o6meH nosepxHOCTHOH aTOMHOH KOHAeHTpauHH yrjiepo^Horo MaTepHajia. 

5. ycTpoHCTBO no n.4, me nosepxHocTHaa aTOMHan KOHi^eHTp anira cepti HaxoziHTC5i b HHTepBajie ot npn- 
MepHO 0,25 ^o npHMepHO 5,0%. 

6. ycTpoHCTBO no n.4, rae noBepxHOCTHaa aTOMHan KOHueHTpauHH cepw HaxoOTTCH b HHTepBajie ot npn- 
MepHO 0,35 no npHMepHO 5,0%. 

7. ycTpoHCTBO no n.4, rae M npeACTaBJi^eT co6oh KaTHOHHbie HacTHHti HaTpna, KajiHH, jihthh hjih aMMo- 

HHH. 

8. ycTpoHCTBO no n.l, r^e yrjiepo^Htiii MaTepnaji cocTaBJiaeT MeHee npHMepHO 98% MaTepnajia. 

9. ycTpoHCTBO no n.l, nxe yrjiepo,mn>iH MaTepnaji cocTaBJineT npHMepHO 50-80% MaTepnajia. 

10. ycTpoHCTBO no n.l, r^e MaTepnaji AonojiHHTejitHO coAep^cHT npoBo/z.ain.HH nojiHMep. 

1 1 . ycTpoHCTBO no n.10, trq npoBO^mKH nojiHMep co^ep^cHT reTepoaTOM. 

12. ycTpoHCTBO no n.10, r^e nposoAHmHH nojiHMep coflepacHT nojiHaHHJiHH, nojiHnnppoji, nojin(|)ypaH, 

nOJIHTHO(})eH HJIH hx CMecb. 

13. ycTpoHCTBO no n.10, rae npoBoaamHH nojiHMep co^ep^cHT nojiHaHHJiHH, nojinnHppoji, nojiH(})ypaH, 
nojiHTHo4>eH, nojiH(napa4>eHHjieHOKCH ) a), nojiH(napa4>eHHJieHcyjiB(()H ( a), hx 3aMemeHin>ie npoBOflHmne nojiHMe- 
pbi HJIH hx CMecb. 

14. ycTpoHCTBO no n.l 1, r^e reTepoaTOMOM hsjihctch N, O hjih S. 

15. ycTpoHCTBO no n.l 1, rjxe reTepoaTOMti cocTaBJinioT 0,2-15% MaTepnajia corjiacHO XPS-^aHHBiM. 

16. ycTpoHCTBO no n.10, r,ae npOBoaHmHH nojiHMep cocTaBJineT 6ojiee 0 h MeHee 100% MarepHajia. 

17. ycTpoHCTBO no n.10, r^e npoBO^arnHH nojiHMep cocTaBJiaeT 2-50% MarepHajia. 

18. ycTpoficTBO no n.10, r#e npoBOAflmnii nojiHMep cocTaBJineT 20-50% MaTepnajia. 

19. ycTpoHCTBO no n.10, me nojiHMep ^BJiHeTCJi npHB htbim k MejiKOflHcnepcHOMy cyjn>(})HpoBaHHOMy yr- 
jiepoAHOMy MaTepnajiy. 

20. ycTpoHCTBO no n.10, r#e nojiHMep noKptmaeT cyjn>4>HpoBaHHi>iH yrjiepo^HBiH MaTepHaji. 

21. ycTpoHCTBO no n.l hjih 10, rjj;e MaTepnaji AonojiHHTejitHO co,aep5KHT MeTajui. 

22. ycTpoHCTBO no n.21, me MeTajuiOM «BjmeTCH njiaTHHa. 

23. ycTpoHCTBO no n.21, r,ae 2-80% Marepnajia cocTaBJineT MeTajni. 

24. ycTpoHCTBO no n.21, me 2-60% Marepnajia cocTasjineT MeTajni. 

25. ycTpoHCTBO no n.21, me 20-40% MaTepnajia cocTasjraeT MeTajui. 
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26. YcTpoHCTBO no n.21, r#e MeTaiui oahopoaho pacnpe^ejieH Ha noBepxHocra MaTepnana. 

27. YCTpOHCTBO no n.l, I\He 3JieKTpOJIHT ABJIfleTCK 3JieKTpOJIHTHOH MeM6paHOH. 

28. YcTpoHCTBO no n.27, rAe 3JieKTpojiHTHafl MeM6paHa BbinojmeHa H3 MaTepnajia, co^epHcamero no- 
jiH(nep$TopcyjiB(^OHOByK))KHCJiOTy. 

29. TonjiHBHtiH 3JieMeHT 5 b kotopom aHOA h/hjih KaTOA BbinojiHeHBi H3 MaTepnajia, coAepacamero cyjib- 
^HpoBaHHBin MejiKOOTcnepcHbin yrjiepo^HbiH MarepHaji. 

30. To njiHBHBi h 3JieMeHT no n.29, rAe MaTepnaji AonojiHHTejibHo coAep>KHT npoBOAfliAHH nojinivrep. 

31. ToruiHBHMH 3JieMeHT no n.30, rAe MaTepnaji AonojraHTejibHO coAepacHT MeTaiui. 

32. TonjiHBHBin 3jieMCHT no n.3 1, r#e MeTajuioM HBJineTCH nnaTHHa. 

33. KoHmeHcaTop, BKJiK>HaK>iuHH 3jieiapoA, BbinojiHeHHbiH H3 MaTepnajia, coAepaKamero cyjibcjmpoBaH- 
hbih MejiKOAHcnepcHbiH yrjiepoAHbin MaTepnaji h iipoboahiahh nojiHMep. 

34. MarepHaji jui% 3JieicrpoAa npeo6pa3yiomero 3Heprmo ycTpOHCTBa, coAep^KamHH cyjifc^HpoBaHHbin 
MejiKOAHcnepcHBrn yniepoAHHH MaTepnaji h npoBOAflmHH nojiHMep. 

35. MaTepnan no n.34, AonojiHHTejibHO coAep^camnn MeTaim. 

36. MaTepnan no n.3 5, rAe MeTajuioM flBJiaeTCfl iuiaTHHa. 

37. MaTepnaJi no n.34 5 r#e yraepoAHbiH MaTepnan coAepacHT yrjiepoAnyio ca>Ky. 

38. MarepHan no n.34, rAe yrjiepoAHMH MaTepnaji coAep>KHT rpa(})HT, HaHoyraepoA, 4)yjuiepeH 5 <j)yjuiepe- 
hobbih MaTepnaji, MejiKOAHcnepcHbiH ymepoA hjih hx cMect. 

39. Cnoco6 nojiyneHHH KOMno3Hii;HH rjix MaTepnajia ajih sjicmchtob ycTpoiiCTBa no n.l c yjiynnieHHOH 
3JieKTpoHHon h npoTOHHOH npoBOAHMOCTbio, BKJronaioiHHH cyjn»(j)HpOBaHHe MejiKOAHcnepcHoro yrjiepoAHoro 
MaTepnajia h 3aTeM HaHeceHHe Ha Hero noKptiTHfl H3 npoBOA#mero nojiHMepa, hjih CMeineHHe npoBOAHinero 
nojiHMepa c cyjib<j)HpoBaHHbiM MejiKOAHcnepcHMM yrjiepoAHtiM MaTepnajiOM, hjih npHBHBKy npoBOAHinero 
nojiHMepa Ha cyjib^HpOBaHHBiH MejiKOAHcnepcHMH yrjiepoAHtiH MaTepHaji. 

40. Cnoco6 no n.39, b kotopom yraepoAHbiH MaTepnaji coAepaKHT rpa^HT, HaHoyrjiepoA, (f>yjuiepeH, fyyji- 
jiepeHOBbiH MaTepnaji, MejiKOAHcnepcHHH yrjiepoA hjih hx cMecb. 

41. CnocoG no n.39, b kotopom yrjiepoAHtra MaTepHaji coAepacnr yrjiepoAHyio caacy. 

42. IIpoAyKT, nojiyneHHBiH cnoco6oM no n.39. 

43. IIpeo6pa3yiomee 3HeprHK> ycrpoHCTBo no n.l, rAe npeo6pa3yiomee 3Heprmo ycTpoHCTBO HBJMeTCH 
aKKyMyjiaTopoM. 

44. IIpeo6pa3yiomee 3Heprrao ycTpoHCTBO no n.l, rAe npe06pa3y10m.ee SHeprmo ycTpoiicTBO HBJUieTCH 

TOnJIHBHMM 3 JieMeHTOM . 
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